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NOTICES

When Government drawings, specifications, or other data are used for any
purpose other than in connection with a definitely related Government procure-
ment operation, the United States Government thereby incurs no responsibility
nor any cbligation whatsoever; ¢ nd the fact that the Government may have
formulatrd, furnished, or in any way supplied the said drawings, specifica-
tions, or other data, is not to be regarded by implication or otherwise as in
any manner licensing the holder or any other person or corporation, or con-
veying any rights or permission to manufacture, use, or sell any patented
invention that miay in any way be related thereto.

This decument has been approved for public release and sale; its distribution
is unlimited.

Copies of this report should not be returned unless return is required by
security considerations, contractural obligations, or notice on a specific
document.
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ABSTRACT

The results of wind tunnel investigations, analyses, and
preliminary design efforts performed in order to show the
feasibility of accomplishing supersonic free flight tests of
deployable aerodynamic decelerators in the wake of an un-
symmetrical forebody are described in this volume. The
results show that the simulation of the wake of a nonaxi-
symmetric lifting body is feasible and practicable by inte-
grating inflatable aft-appendages on an Arapaho C test
vehicie and that the resultant modified vehicle retains the
same test capabiliti=s as the basic Arapaho C. The modi-
fied vehicle design also includes modifications required for
compliance with Eglin AFB/Eglin Gulf Test Range safety
criteria. Included are recommendations for further ve-
hicle modifications that would improve the test capabilities
of the basic Arapaho C test vehicle. A vehicle mockup was
constructed to demonstrate feasibility cf the approach ard
to preclude major assembly and actuation interference
problems.

(The distribution of this abstrz.ct is unlimited. )
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FORF WNRD

The work described in this report was performed by Goodyear Aerospace
Corporation (GAC), Akron, Ohio, under LSAF Contract AF33(615)-3595.
The contract was initiated under Project 6065, "Performance and Design of
Deployable Aerodynamic Decelerators, * Task 606507, "Aerodynamic Decel-
erator Free-Flight Pexformance at High Mach Numbers. " The program =:s
administered by the Air Force Flight Dynamics Laboratory. Air Force Sys-
tems Command, Wright-Patterson Air Force Base,Ohio. Mr. W. R. Pinnell
and Mr. C. 4. Babish I, (FDOFR}), were projéct engineers.

The work covered in this report was initiated on 1 March 1966 and completed
on 15 Octnber 1966. The report was suhmitted in March 1968.

This volume does not cover all of the program:'s primary objectives. The
investigation and analyses of aerodynamic decelerator performance in super-
sonic wake flow fields is covered in Yolume I}. Voiume III contains a tabu-
lation of wake survey and body surface preasure data cbtained from wind tun-
nel tests coanducted in support of this program.

The authors and contributing personnel of Goodyear Aerospace Corporation
were R. J. Manzuk, project engineer; D. W. Henke, assistant project engi-
neer; I. M. Jaremenko, wake analysis; J. J. Dean, Jr., vehicie design and
modification; F. A. Pake, aero-thermo analyses: Dr. A. D. Topping, struc-
tural analyses; and numerous other Goodyear Aerosgpace personnel who con-
tributed to the various supporting tests and analyses.

The contractor's report number is GER--13528.

Acknowledgement is made of the conscientious support of the Arnold Engineer-

ing Development Center, von Karman Facility (VKF}, Supersonic Branch,

during the wind tunnel tests. Special recogrition is given to Mr. A. W. Myers,

VKF project engineer, for his cooperation during the tes! series.

Publication of thig report does not comnstitute Air farce approval of the report's
findings or conclusions. It is published only for the exchange and stimulation

of ideas.

GEORGE A. SOLT, Jr.

Chief, Recovery & Crew Station Branch

Vehicle Equipwent Tivision
AF Flight Dynamic» “.abhcratory
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K

10 K = determining criteria
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X = downstream direction and distance, ft
Y = vertical direction and distance, f{t
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AERODYNAMIC ANALYSIS (Section IV, Item 2}

n

forebody base arca, sa it
vehicle drag coefiicient

bagic Arazaho C drag coefficient
Arapaho C with nose cone drag coezfficieat
rnodified Arapaho C-1 drag coefficient

pitching moment coefficient

change in pitching moment coefficient with
angle of attack

normal force coefficient

change in normal force coefficient with angie
of attack

vehicle reference diameter, ft
spin deceleration, dc—':g/sec2
thrust, 1b

vehicle roll moment of inertia, slug- sq ft
free stream Mach number

base pressure, psi

free stream static pressure, psi

Reynolds number
torque, ft-1b
time, sec

initial spin rate, deg/sec

final spin rate, deg/sec
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X
cp

location of center of pressure in longitudinal
dirccrion, ft

moment arm, ft
vehicle angle of attack, deg

vehicle angle of roll, deg

THERMODYNAMIC ANALYSIS AND VEHICLE MODIFICATION (Section IV,
Item 3 and Section IV, Item 4)

area, sq ft
acceleration, ft/sec2

drag coefficient
pressure coefficient

specific heat, Btu/lb F
diameter, ft

nominal diameter, {t

energy, ft-1b

force, b

gravitational constant, ft-lbm/lbf-sec?

convective heat transfer coefficient, Btu/hr-sq ft-¥

recovery of adiabatic wall enthalpy, Btu/lb
wali enthalpv, Btu/1b

thermal conductivity, Btu/hr-ft-F
kinetic energy, ft-1b
mass, slugs

free stream Mach number

ratin of specific heats

peak thruster force, 1b
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Prandtl number

pressure

dynamic pressure, lb/sq ft
heat flux rate, Btu/sq ft-sec
gas constant, ft-lbf/lbm - R

Reynolds number based on length

Reynolds number based on momentum thickness

radius, ft
temperature, F or R

nodal tempsrature, ¥ or R

™

new nodal temperature, F or R
adiabatic wall temperature, F or R
cold wall temperature, F or R
srace tewperature, F or R

time, sec

local velocity, ips

velocity, {ps; or volume, cu in.
weight, 1b

weight flow rate, Ib/sec
distance, ft

emissivity

viscosity, lbm/ft-sec

density, lbm/cu ft

Stefan-RBoitzmann constant = (0. 173 X 10~

Btu/hr-sq it-R%)
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conditions in appendage
conditions in reservoir
condit.ons at wall

free stream conditions

conditions at boundary layer edge or initial
conditions

secondary conditions

VEHICLE STRUCTURAL ANALYSIS(Section IV, Item 5)
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(27
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br

f
cy
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1t

area, sq in.
moment arm, in.
diameter, in.
energy, ft-lb

modulus of elasticity, psi
axial force, 1b

bending stress, psi

bearing stress, psi
compressive stress, psi
compressive yield stress, psi
shear stress, psi

moment of inertia, in. 4
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moment of inertia about neutral axis, in.

mass, slugs
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Mult

"

1]

]

"

s

8

maximum bending moment, in. -1b
ultimate bending moment, in. -}b

ioad, Ib

reaction at beam ends, 1b

radius, in.

thrust, lb

thickness, in,

vzlocity, fpe

weight, 1b

distance measured from c.g., in.
angelar acceieration, rad/sec?

lateral component of test item opening .hock
load, 1b

taper angle, deg

Poisscn's ratio

APPENDAGE DESIGN{Section 1V, Item 6)

a

b

i

length, in.

elliptical semimajor axis
length of conical frustrum, in.
modulus of elasticity, psi
elliptic integral

stress. psi

bending stress, psi
compressgive stress, psi
hoop stress, psi

meridional stress, psi
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h = elliptical semiminor axis
4

I = moment of inertia, in,

j = VEI/P , 1in.
= Vb ont

+ e s sl

k

L = eliipse circumference, in.

M = bending moment, in. -1b

P = axial load, 1lb .

p = differential pressure, psi :
R = radius, ip.

Ri = reaction at inner team end, 1b
Ro = reaction at outer beam end ib

r, = inner radius, in, )
ro = outer radius, in.

§ = distance along ellipse, in.

w. = distributed load per inch at inner beam end, 1bfin.

w_ = distributed load per inch at outer beam end, lb/in.

%,¥,2 = reference coordinates

a = angle between tangent to ellipse and its major
axis, deg

B8 = taper angle of meridion, deg

RN ICIINY

y = half angle of circular arc, geg

é = deflection, in.

Sdiad

& = arctan (x/y), deg
g = ellipse parameter angle, deg
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Volume 1

SECTION I

INTRODUCTION

FROGRAM OBJECTIVES

Under the AFFDL-sponsored Aerodynamic Deployable Decelerator Per-
formance Evaluation Program » (ADDPEP) renorted in Reference 1, Good-
year Aerospace Corporation desigred, devcloped, and manufactured the
Arapaho C free-flight test vehicle capable of testing a variety of decel-
erator types in supersonic flight regimes. The C vehicle, in the purely
ballistic type classification, generates a symmetrical wake that is typical
of such bodies of revolution. Extensive free-flight and wind-tunnel tesi-
ing of supersonic deployable aercdynamic decelerators in the wakes of
symmetrical forebodies nas given the Air Force much insight into the
drag and stability performance characteristics of decelerators in such
flow fields. However, there has been relatively little research to evaluate
and/or predict accurately the performance of those same decelerators in
the wake of an unsymmetrical forebody (typified by the lifting clacs of
re-entry vehicles presently under investigation).

Because of the limitations of wind-tunnel testing, the Air Force Flight
Dynamics Laboratory (AFFDL) recognized the need for development of

a f{light test capability in order to properly evaluate the performance of
cecelerators in unsymmetrical wakes., Therefore, AFFDL sponsored
the Establishment of an Unsymmetrical Wake Test Capability for Aero-
dynamic Decelerators (EUREKA) program to develop this capability.

One of the primary objectives of the EUREKA program was to investigate
the feasibility of modifying the Arapaho C test vehicle to provide an un-~
symmetrical free flight test capability. Only the investigations and
analyses to achieve this objective are presented in this volume, while

the remaining objectives are reported in Volumes II and III. The investi-
gation and analyses of aerodynamic decelerator performance in super-
sonic wake flow fields is covered in Volume II. Volume II contains a
tabulation of body surface and wake pressure data obtained from wind-
tunnel tests.

DESIGN REQUIREMENTS

BRased on prescribed free flight capability requirements 2nd unsymmetri-
cal wake simulation criteria, tne following test vehicle configuration and
supporting equipment requirements werz established.

1. The test vehicle waight will be less than 450 1b at
initiation of test item decelerato~ deployment.

2. The vehicle will be capable of achieving test item
deployment points within the flight test envelope
depicted in Figurz 1.

3. The structural integrity of the basic Arapaho C wili
be maintained,
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4. All inflatable appendages incorporated for wake
modification will be deployed and fully inflated
prior to test item deployment.

5. The feasibility of deploying and erecting the z2ppen-
dages in less than 0.3 sec will be determined.

6. The test item will be deployed aft of the modified-
in-flight vehicle parallel to the £flight path.

7. A minimum test item stowage volume of 0.5 cu ft
will be provided.

8. The test vehicle will be stable from launch through
test item inflation, and the vehicular roll rates
will not exceed 20 deg per second during the test
item deploymeat and inflation segucnce.

9. The positive deployment and inflaticn of the re-
covery system will not be interfered with by either
the appendages or the test item decelerator.

10, The maximum projected diameter of the basic
Arapaho C vehicle will not be exceeded.

11, The test data acyuisition and transmission capa-
bilities and overwater recovery capability of ths
basic Arapaho C will be retained in the modified
vehicle.

12, The test item will be retained through vehicle im-
pact.

13, The modified vehicle will comply with the Eglin
AFB/Eglin Gulf Test Range safety criteria.

This volume contains complete descriptions of and conclusions resulting
from wake 2nalyses, vchicle stability analyses, vehicle deasign tradeoff
studies, aero/thermo studies, and structural analyses conducted in order
tc determine the feasibility of modifying the Arapaho C test vehicle io
provide the test capabilities and design requirements listed above. Also
included is a description of a mockup of the inflatable appendage design
that evolved from: the preliminary design analysis.

(Reverse is blank)
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SECTION II

WIND-TUNNEL TEST EQUIPMENT AND INSTRUMENTATION

GENERAL

All wind-tunnel tests in support of the EUREKA program were conducted
in the 40-in. supersonic tunnel A of the von Karman Gas Dynamics Fa-
cility (VKF), AEDC. Two series of tests were required for support of
the test vehicle feasibility investigation.

The first series, WT-I, was conducted to establish the stability of and
flow field properties around two basic Arapaho C models and the modi-
fied Arapaho C. The second series, WT-II, was a wake survey of the
aear and middle wake regions of two basic Arapaho C models, the modi-
fied Arapaho C model, and the blunted elliptical cone meodel.

WIND-TUNNEL DESCRIPTION

Tunnel A is a continuous, closed-circuit, variable-density wind tunnel
with an automatically driven, flexible plate-type nozzle and a 40- by
40-in, test section. The tunnel operates at Mach numbers from 1.5 to 6
at maximum stagnation pressures from 29 to 200 psia, respectively, and
stagnation temperatures up to 300 F {M__ = 6). Minimum operating
pressures are about one-tenth of the maximum at each Mach number.

MODELS AND SUPPORT SYSTEM

The forebody models are shown in detail in Figure 2. Configuration 1 is
a 0.182-scale model of the basic Arapaho C test vehicle., Configuration
2 is identical to Configuration 1 except for the nose probe that was re-
placed with a blunted nose cone. Ccnfiguration 3 is the modified version
of the Arapaho C vehicle, having an elliptical flare in place of the coni-
cal flare cylinder used on Configurations 1 and 2. Configuration 4 is an
elliptical! cone with an axisymmetric blunted nose cone identical to Con-
figurations 2 and 3. Configuration 4 represents the target vehicle whose
wake is to be simulated by the wake of the modified Arapaho C.

For the static stability tests, the modeis were sting mounted from the
rear. The stings were fitted to a movable horizontal sector that has an
angular travel of 20 deg in the horizontal plane and, with a straight sting,
provides model angles in pitch or yaw of -5 to +15 deg.

For the wake survey tests, the models were mounted to a horizontal
walil-to-wall strut having constant chord and constant thickness.

INSTRUMENTATION

Model force measurements were made with a six-component, moment-
type, strain-gage balance supplied and calibrated by VKF. Before the
test, loadings in a sinqle plane and combined static loadings were applied
to the balance, which simulated the range of rnodel loadings anticipated
for the test. The range of uncertainties listed in Table I corresponds to
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LTATION O MOMENT REFERENCE STATION  NOTE:
L (REFERENCE) ALL DIMENSIONS
l ‘ ™~ ARE IN INCHES.
z}oo o @
|
3 ! 1'27 I ] !
3 9 a I
0.34 T M
13.36 15 %0
s CONFIGURATION 1 15.98
£ {BASIC ARAPANO C}
SECTION A— A 1.93%0 18.S DEG
ION A -
. 2.5 DEG
0.458
i @
0.216 ‘
0.382 e
-1 CONFICURATION 2
(ARAP AHO C WiTH NOSECONE)
z
i
l 6.5 DEG
| P ©
CONFIGURATION 3
{MODIFIED ARAP AHO C)
ELLIPTICAL BASE e
COORDINATES -
Y z
0.000 | 2300 .
> caco | 2712 3.
. 0830 | 2.%8¢
3 C. 960 2.318
1200 | rese _
3 1.400 1308
350 | 0.727
2 108 | 0.00
\\
D' = J;zz x5.6 COXFIGURATION ¢
(BLUNTED ELLIPTICAL COME)
= 8.241N,
Ag = 14250 N
Figure 2 - Forebody Model Details
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TABLE I - RANGE OF UNCERTAINTIES
Balance Design Range of Range of
cornponent load static loadings uncertainties
Normal force (lb) 150 *2 to *60 +0, 03 to £0. 12
Pitching moment (in. -1b) 690 +10 to £150 %0, 20 tc %0, 60
Side force (1b) 75 +2 to #£39 +0,03 to £0. 18
Yawing moment (in. -1b) 345 +5 to 80 0,20 to 0. 90
Rolling moment (ia. -1b) 60 +24 to %48 +0, §5 to £0. 10
Axial force (1b) 75 Sto 25 %0.07 tc £0. 12

the difference between the applied loads and the values calculated with the
balarce equations used in the final data reduction. The mipimum uncer-
tainties given are for loads up to about 10 percent of the maximum ap-
plied and are for loadings or the particular component snly {(ne combined
loading interaction effects). The maximum uncertainties are Jor com-
bined loadings.

From calibration results, the maximum variation of tunael cernteriine
Mach number i3 about £0.5 percent and the angle-of-attack sectting is con-
sidered accurate to within 0.1 deg. The tunnel stilling chamber ternpera-
ture is considered to be accurate to #3 R. The tunnel stilling pressure,
Po» Was measured with transducers of 5-, 15-, 30-, 60-, 150-, and
300-psid (pounds per square inch, differential) capacity that are con-
sidered accurate to within 0.3 percent of full-scale capacity.

The model base pressures were measured with 1-, 5-, and 15-psid
capacity transducers, referenced to a near vacuum, tha: are also con-
sidered accurate to within 0.3 percent of the transducer capacity. The
lowest base pressures were encouatered at the low Reynolds number
test conditions at Mg, = 5. At these test conditions, base pressures
were in the order of 0.008 psia, The 0.3-percent accuracy of a 1-psid
irxnsducer could then introduce errors of approximately £37.5 percent
of the measured values.

The local wake pitot and static pressures were measured with transdu-
cers of the same capacity as those used for base pressure measurement,
Again the lowest pressures ard, therefore, the greatest inaccuracies,
were ercounter~d at the minirium pressure test conditions at M__ = 5.
Combined errors in the local static aud pitot pressures may introduce
inaccuracies of 0.2 Mat My = 1.0, The inaccuracy in this case was
determined using maximum errors in pressure measurements, assuming
the local static pressure equal to free stream static pressure and being
measured with a 1-psid transducer and the pitot pressure measured with
a 5-psid transducer. Making these same assumptions at freec stream
Mach numbers of 4, 3, and 2 and at the minimum pressure condition, in-
accuracies in measuring a local Mach number of 1.0 are 0.11, 0.06, and
0.03 Mj,, respectively. At the high pressure conditions for these testse,
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the accuracy of mmeasnrement at M__ = 5 and M, = 1.0 is increased by

approximately a factor of four.
flect a simiiar accuracy increase at the kigh przssure test conditions.

Table 1I lists the test conditions for the wake survey tests.

o)
The lower Mach aumber test cases re-

The errors

incurred in the measurement of the local static pressures {which
are approximately equal to the free stream static pressure) caused
by the inuccuracy of a l-psid transducer appear in the third signi-
The tctal pressure, being

higher than the static pressures, should then reflect a higher degree of

ficany digit, except for the Mm = 5 case,

accuracy.

TABLE II - WAKE SURVEY TEST CONDITIONS SUMMARY

— T‘w
Total
Total Static |tempera-
pressure | pressure ture Rake X/D
Configuration [M_ | Req/in. X 106| * (psia) (psia} (R) stations
Modified 2 0.05 2.8 ¢.36 581 1, 2.3,
Arapaks C " 5, 7, 8
and 2 0.365 19,6 2,43 582 for all
blunted 3 0.058 5.9 0.17 583 test
elligtical 3 0.50 43.0 | 1.17 582 | Points
core
4 9,09 13.5 0.69 582
4 0.50 73.0 0. 46 583
5 0.13 30.5 0.058 585
5 0.50 133.0 | o0.251 | 631

The wake survey rakes used in these tests were of a cruciform design
with multiple probes, making it possible to obtain complete wake pro-
files at each X/D station without lateral or vertical movement of the rake.

The spacing of the pitot probes was one -tenth the diameter of the axisym-

metric forebedy base, The pitot and static port locations are shown
schematically in Figure 3 in their respective positions behind an ellipti-
cal forebody base,

TEST CORDITIONS

Table II summarizes the test conditions for the wake survey tests which
were completed in support of the wake similarity analysis, Table Il
wreserts the test conditiors for the static stability tests of the variovs
forebody configurations. The resulte of these tests are discussed in le-
tail as required in applicablesections of this report.
veydataare preserted in Volume II of this report. The complete compi-
lation of experimental data from these wind-tunnel tests may be obtained
irom AFEDL by requeat.

Tabulated wake sur-

artond bl

St ol bt b e tad i st e S i

TSI (RN R

L PP PNV LW P PR




"

ek Y

T el e

e s \owne O e TR s LN

e U

HY

e

AFFDL-TR-67-192
Volume 1

PITOT PROBES

FOREBODY BASE OUTLINE

\

N

+2/0 O
- ©

Q5

+Y/D

__THERMOCOUFLES

+ Y/D

STATIC PROBES

NOTE:

FOREBODY MOUNIING STRUT LCCATED IN THE Z PLANE

Figure 3 - Wake Survey Probe Details
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TABLE II - STATIC STABILITY TXST CONDITIONS SUMMARY

e

Re/inch X 10-%
Vehicle angle | Angle of
Configuration | Mg, | Minimmum | Maximum | of attack (deg) | roll (deg)
Modified 2.5 0. 04902 0.5157 -5to 15, in 0, 22.5,
Arapaho C 3.0 0. 03608 0. 5099 1/2-deg incre- | 45 and 90
ments from at each
4.0 | 0.03665 0.5037 -2 to +2 angle of
5.0 | 0.05174 | 0.4896 attack
Arapaho C 2.8 0.04932 0.5164 -5to 15, in
with blunted 3.0 0. 03727 0. 5081 1/2-degincre-
nosecone ments from Axisym-
4.6 | 06.03705 | 0.5072 | -2to +2 yra
metric
%.0 0.05115 0. 5453 vehicles,
Basic 2.5 | 0.04783 | 0.5134 | 5tol: a2 [D0¥ON
Arapaho C |3 o | o ¢3810 | o0.5154 | 1/2-depuncre-
ments from
4.0 0.03987 0. 4248 -2 to +2
5.6 | 9.05089 | 0.2407
i0

sk e Mt

AL




AFFDL-TR-67-192

Volume 1
SECTION D01
SIMILARITY ANALYSIS OF ASYMMETRIC WAKES
BASED ON EXPERIMENTAL RESULTS
1. INTRODUCTION

Along with determining the feasibility of modifying the Arapaho C test
vehicle, it was necessary to determiue if the modified test vehicle could
adequately simulate the wake of a lifting body. An experimental invaati-
gation was conducted in order to determine similarities in the wakes of
two vehicles with elliptical aft ends. The two vehicies investigated were
a modified Arapaho C and a blunted elliptical cone as shown in Figure 2.

VEHICLE CONFiGURATIONAL SELECTION

For the selection of iwo configurations with asymmetry in the Y-Z plane
exhibiting a sirnilarity in flow fields in their wakes, consideration was
given to the following parameters:

1. Fore- and aft-body georaetry
2. Fineness ratio

3. Wetted area

4. Volume to 2/3 power

5. Fluid mechanics of the flow

Theae considerations were important to cbtain a similarity of stream
functions and associated boundary layers.

FLCW FIELDS AROUND VEHICLES

The streamline deflection defines the flow field in general and, assum-
ing inviscid flow models, the fcllowing qualitative fcatures appear for
each vehicle.

Initial compression behind the main bow shock of the modified Arapaho
C-1 is followed by the expansion at the cone shoulder, continuing along
the cylindricai midbody until the region of flare influence is reached.
Separation phenomenon from here on is felt along the flare until the final
separation-exparsion into the base region. These phenomena are illus-
trated by the preasure distributions along the X-Y axes obtained in the
wind tunnel (see Figure 4j.

Similar initial compression behind the main how shock of the blunted
elliptical cone and expansion at the shoulder is followved by a moderate
expansion-compression with no perturbations to inhibit the separation
prior to reaching the base region. Again, pressure distributions along
the X-Y axes indicate the correctness of prediction {see Figure 5).

11
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At the base of the Modified C vehicle, flow streamlines expand through
a larger deflection angle than with the blunted elliptical cone and diverge
more from the free stream direction. The Mach number increase at
separation is expected to be larger, hence, the bcundary layer structure
of a free-shear layer will be distorted, and deviations from the Praadtl-
Meyer theory predictions are introcduced.

In the case of the blunted elliptical cone, the streamlines are clcser to
being parallel to the free stream flow direction after the expansion.
Then, the bouadary layer structure of the free-shear layer is nearly
preserved, and the predicted Prandtl-Meyer values are closer to reality.

The influence of the three-dimensional nature of the flow present around
the elliptical surface (principal and crosswise components) makes the
boundary layer thinner at the major axis and thicker at the minor axis.
The flow from higher pressure gradients to lcwer ones crcates additional
vorticity at the base of botl: vehicles and into the near wake.

The flow lateral profiles in the near wake have an ellipticzl shape that,
after being propagated further downstream, degenerates into a circular
shxpe. The mechanics of this readjustment is such that the magnitudes
of flow parameters (local velocities and pressures), which are lower
initially at the major axis, accelerate in the downstream direction and
at higher rates at the major axis than at the minor axis. Eventually, the
rates approach each other, and the point of convergence will indicate the
presence of a circular profile.

WAKE FLOW FIELD STRUCTURE

The flow field structure in a wake is shown in Figure 6 (from Reference2).

There are areas in thie structure that are of special interest to the pres-
ent analysis. One area is the base region where the important wake-
forming processes take place. This region is easily influenced by the
presence of other bodies.

The experimental results indicate that the rake's presence distorts the
flow in varying degrees in the X/D S 3 downstream range, and the cor-
responding data should be considered with caution. Another region of
interest is the position of the neck since the decelerator performance is
influenced by it. For the configuraticns and test conditions of this pro-
gram, the 2 & X/D = 5 range defines the limiting boundaries of the neck
locations.

The wake flow fields are considered to be turbulent with a viscous edge
region extremely difficult to define. As the Mach number increases, the
influence of the inviscid supersonic outer wake is increasing. The inner
viscous wake is mostly supersonic.

WAKE FLOW FIELD SIMILARITY
Similarity, or physical similarity, is defined as the phenomena describ-

ing two events when the properties of one event can be obtained from the
prescribed properties of the other event by a simple conversion. Then

14
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BASS FLOW NEAR WAKE FAR WAKE
BOUNDARY LAYER s TRAVLIRG SHOTK \
MAIN SHOCK \

EXPANSION WPRESSION

;—4

SUBSONIC

-

=

| =A%

e ———1

RECIRCULATION /
NECK
DIVIDING STREAMLINE
SUPERSOMC INVISTID

VISCOLS FREE MIXING

REAR STAGNATION PJINT

NEAR-WAKE
VELOCITY

FAR-WAFKE
VELOZITY

VISCOUS CORE

Figure 6 - Flow Field Nomenclature at High Speeds
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if all nondimensional vai.ables (nondimensional combinations of dimen-
sional quantitiee) are equivalent, the events are similar. Similarity is
defined by similitude criteria that take into consideration:

1. Uniqueness of a class of physical events

2. Uniqueness of a singular member of a class

3. Admittance of a difference in scale magnitudes
for similar events

The similitude conditions that must be held in censidering similar physi-
cal events in a wake are:

1. System invariance of basic variables
2. Similitude of all physical parameters
3. Initial uniqueness and stability of flow fields

4. Similitude of boundary conditions

In practical applicaiicn, these criteria and conditions can not be fulfilled,

and the question of the permissible magnitude for a deviation is intro-
duced. Therefore, the criteria equation in general form is:

KX, Y, z fl .. fn(Kl’ KZ’ - - - K (1)
where
KX, v, 2z~ nondetermining criteria and
K1 . Kn = determining criteria.

The only determining criterion considered in this analysis is the Mach
number (V/C), and the nondetermining criteria are the Mach number
variations along the X. Y, Z axes in the wake, or

= £,(M; /M)

&

]
"

y = (M /M)
(2)

A
"

V4 f3(ML/Moo)

KQ_, = f 4"ML)
The auxiliary nondetermining criteria are the normalized pitot, static,
and dynamic pressures along a given set of cartesian coordinates. The

initial free-stream similitude conditions for both vehicles are summa-
rized in Table II. For similitude along the X, Y, Z axes, the foliowing

16
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ranges of cartesian coordinates {normalized by dividing them by the hy-
draulic diameter of 4.24 in.) were consgidered:

12 X%X/Ds 8,

c2y/D£0.7,
and

0sS2z2/DS1.6.

The experimental data used to define the similarity of the flow fields in
a wzke are influenced by the fcllowing experimental deficiencies.

1. Rake design (the configuration and volume occu-
pied thercby) - The presence of the rake changes
the structure of the normal wzke flow. These
changes were cbserved mostly in the X/D £ 3
range.

2. Supporting strut (constant chord, straight, of a
double-wedge-iike profile, mounted at the mid-
body) - The strut generates strong two-dimen-
sional shock waves and a clearly discernible
wake of its own. The shock wave interactions
(three-to-two-dimensional, notably at a root-
chord body) may affect the vehicle wake at the
major axis, but are not understood at this time.
Possible situations may involve either a strut-
wake deflection or swallowing. Deflection will
not influence the mass flow relations in the inner
viecous wake, but swaliowing {even partial} will
affect the instrumentaticn readings.

3. Instrumentation outputs - These outputs are miss-
ing for some points, while at other points, the
values are of questionable magnitudes. Prelimi-
nary evaluation of the static rake calibration indi-
cates that data taken at lower stagnation pressure
for each Mach number will have a lewer accuracy
for static pressures and local Mack numbers.
Data reduction procedures that use the square of
the Mach number will magnify these uncertainties
in values.

6. RESULTS OF CRITERIA ANALYSIS

The analysis of the similarity of wake structires behind the two ciliptical
base vehicles is based on the experimental data. The method of analysis
follows the principles of the similarity criteria stated above. Thus, if
the Mach number is considered the determining criterion for similarity,
its variation pattern aiong the major (Z} and minor (Y) axes at a given
position (X) fer each vehicle indicates the similarities in the wake flow
fields of both. This search for similarity is applied for two regions of

o
-
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the wake: the viscous inner wake in the Y-Z plane at the normalized co-
ordinate station of (Y/D, Z/D) = 0.15 and the inviscid outer wake at the
coordinate stations of Y/D = €.379 and Z/D = 0.607. The latter stations
are selected to coincide with the projected edges of the base, and they
also indicate the approximate boundary for the viscous inner wake. This
determining criterion is presented in Figures 7 through 9 as piots of the
normalized ratios for each set of similar initial conditions (M, Reoo/in.)
for both vehicles. From these figures, the following generalized con-
clusions car be drawn.

1. Both vehicles indicate similar histories in devel-
oping local Mach numbers in the downstream di-
rection.

v

2. The local Mach number ratios are higher at the
minor axis initially, but rates of growth (recovery)
are lower within the observable range (un to X/D =
8) as compared with those at the major axis.

VAT % e ikt

3. The wake flow field profiles within the observable
region are definitely elliptic in the viszous wake
and more pronouncedly so at Mg, = 2.0 conditions.

4. All profiles indicate gradual degeneration into a
circular profile that will occur downstream of the
observable range (X/D > 8. 0).

-

w4t

N

5. In the viscous region under observation (1 =
X/D £ 8), the local Mach number never recovers
to the free stream condition.

I et o s LA
WAL e &

6. In the viscid-inviscid boundary region, the histor-
- ies of local Mach number ratios again are similar
for both vehicles.

ey vy

L 7. The high Mach number ratios at 1 £ X/D £ 3 re-

i gion are more pronounced at the minor axis. Simi-
lar conditions are less pronounced at the major
axis, which is in the plane of the supporting strut.

vy

8. The changes of rates of recovery of Mach number
ratios are smalier, but levels are higher due to
viscid-inviscid mixing and dissociation.

9. At the My, = 2 cendition, the Mach number ratios
represent the average readings that are outside of
the viscous core. Hence, the streamlines are
more of a planar nature, witaout shape discontinui-
ties in direction.

10. At the Mg, = 5 condition, the flow and local Mach
numbers are influenced by the wake trailing (recom-
pression) shock that tends tc modify the typical his-
tories shown at the My, = 3 and 4 coaditions in
Figure 9.

18

RSTIES - ——t e e S e N




P& Mg MRS bl R

Lo

R AL LY
TIe e awme v cmow

AFFDI.-TR-67-192
Volume I

> ”/J

0.7 /

N

Rcm/m.

= 5.37 x I()6

°
©
-

—_—

——
_——%

Y

uH
\J

e

QO ™MoDIFIED ARAPANHO C 1Y /0)
) BLUNTED ELLIPTICAL CONE tY/D}
[0 mooiFign araramo ¢ (270
D sLunTeED ELLIPTICAL cONE (27D

°
w

{ s

Rem/m

LOCAL MACH NUMBER/FREE STREAM MACH MUMBER, ML/Mao
o

-]
-

e
=08 x10

1 2 3 4 -
DOWNSTREAM DISTANCE/BODY BASE DIAMETER, X/D

o
~

Figure 7 - Mach Number Variation in Asymmetric Wake
(Mg, = 2 and 3; Y/D = Z/D = 0.15)

- N - s e

Avgsl -
¥ é‘.‘w‘u

£t

M

s

A
L%

oy

L2

‘s

e N gy

IO

RPN

-

advami

b AN

IR S PC TP VP PX W T L AP P I D VT P G Y T 1

3
k
i
p




o TR iy,

R A A s > 1 Larod Sdid Mt A A e

filha 24 0 3t AN A

R  N

REF N 2

biieg i

SR

TN AT AR

carem N

AFFDL-TR-67-172

Volume 1
b A A A

.2

-
©

°
-

°
o

o

LOCAL MACH NUMBER/FREE STREAM MACH NUMBER, ML/&‘,
o

o
»

P/

1

4
DOWNSTREAM DISTANCE/BODY BASE DIAMETER, X/D

o

Figure 8 - Mach Number Variation in Asyrametric Wake
(Mo = 4and 5; Y/D = 2/D = 0.15)

20

F"‘ by '—"v

P N L et I RV N

b,

Re_/iN. = 0.5 x 10

O MOoDIFIED ARAPANO C (Y/D)
£\ 3LUNTED ELLIPTICAL CONE (Y/D)
D MODIFIED ARAPAHO C (2/0}
D sLunreD ELLIPTICAL cong (2/D)

it

emrmncmnk TR b e sia

PRI SOOI

R /4 ket hemtt e i dan



Py

Adhec e WLk b

HTALES VT TETTTYRTR IR e TR TEIST e 7. T PEETE - TEECAYY " vy Sk Ly

AFFDL-TR-67-192

Voiume [

QMODIFIED ARAPAKO < (Y/D)
O BLUNTED ELLIPTICAL CONE (Y/D}

o

{JMOCIFIED ARAPAHO C (2/D)
DBLUNTED ELLIPTICAL CONE (2/D}

1.4€)

1.2]]

o
@

-
A

3
b3
~

J
:"t
x
w
B
-4
2
z
z ©9
Q
<
3
b3
<
u
 ©7
r
0
¥ oa2
g
o
g 1%
W
$
3 0
b4
60.9
<
z
-J
<
3
J 07

J |

|

1

2 3 . s 6 7 8

DOWNSTREAM DISTANCE/BODY BASE DIAMETER X/O

Figure 9 - Mach Number Variation in £ symmetric Wake
{Y/D = 0.379; Z/D = 0.607)

21




AFFDL-TR-07-192
g Vclume I
'; Further analysis considered the auxiliary nondetermining criteria that

were defired so because their variations were already expressed by the
Mach number values. The parameters under consideration were the:
normalized profiles for pitot, static, base, and dynamic pressares at a
given set of cartesian coordinates identical for both vehicies. Tha data
are presented in Figures 10 through 19. The free stream conditicns at
Mach numbers two and five zre discussed in more detail because they
represent the boundaries of the filow envelope where the bazic properties
can he expected to fluctuate.

Mach number -two flow conditions are presented in Figure 10, which
ehows the wake development in the axial direction along the minor axis.
At 1 = X/D = 3, the pitot preseure variations are similar in shape, but
the magnitudes in the inner viscous wake are not equivalent. The agree-
ment is close in the vicinity of the wake centerline, with the growth for

: both vehicles proceeding at similar rates. At X/D = 5, curves flatten

' out as expected. However, behind the rnodified C vehicle, the curve

) has a convex shape, while behind the blunted elliptical cone, the curve

: is concave. The pitot pressure and velocity recovery in the wake along

i the minor axis is more energetic behind the modified C vehicle than be-
hind the blunted elliptical cone. The cemparison along the major axis at
X/D = 1 in Figare 11 indicates almost complete similarity at the corres-
ponding locations in the viscous wake behind both vehicles. At X/D >1, the
recovery of profiles behind the modified C vehicle is lagging as compared
with the profile recovery behind the blunted elliptical cone. The analysis

of the pitot pressure recovery profiles was done for the higher Reynolds
number only, but similar variations were indicated at the lower number.

LA 4 e e L L A L L A
. W Sy - . -

A K—— W Y S kR

Figure 16 gives the static pressure variation in the asymmetric wake an
a function of axial distance along the minor axis. The shapes and magni-
tudes for both vehicles are almeat completely similar for each Reynolds
number. The static pressures are higher at lower Reynolds number by
about 10 percent. The maximum static pressure is recorded at X/D =2
(for both vehicles), which indicates the recompression, neck, and trail-
ing shock locations in the wake.

BERMCY et s wndel Rt SR T IARNE At L A A R

s St e ™

MR LA R

The behavior of the static pressure in the wake is typical (i.e., lower in
the base region, reaching a peak in the vicinity of the nzack, then leveling
'. off tc the free stream value farther downstream). Figure 17 shows the

? effect of the rake on base pressure readings for both vehicles. The
curves are similar, and the variation in magnitude within the Reynolds

1 number range is not significant for eich vehicle. The blunted elliptical
cone, however, indicates higher base pressure, by about five percent,
independent of the Reynolds number. The base pressure orifice is se-
lected along the minor axis where the influence of the strut is at a mini-
mum. The local dynamic pressure variations, shown in Figures 18 and
19 are similar to those for the local Mach nuinber since the Mach num-
ber served as an input for the calculation of the dynamic pressure.

PNBALN 3 O e remaT et e a

The Mach number-five flow conditions presented in Figure 13 indicates
complete similarity for both wake profiles expressed by pitot pressures
at X/D = 1. At X/D = 2 and 3, the profiles are similar in shape, but
the blunted eiliptical cone wake shows a kigher magnitude for recovery

22
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at each coordinate point along tae minor axis in the inner wake. The
same tendency prevails for both profiles at X/D = 5 and 8.

The magnitudes are very close for values of Z/Dupto 0.3, at 1 =

X/D £ 8 axial distance with the blunted elliptical cone's wake diverging
upward at Z/D = 0.4 ané remaining at a higher increment f~r the rest
of the meaningful range.

The static pressure variatior in the asymmetric wake (see Figure 15)
shows a typical pattern of behavior, i.e., low values at the hase region,
rising to the free stream values at X7D > 3. The recompression region
is indicated at 3 £ X/D £ 4 location for both wakes.

Figure 17 gives the base pressura variation in the asymmetric wake z2iong
the minor axis. The pressures are low, suggesting that a cavity-type
flow regime exists at the base. The biuuted clliptical cone exhibits higher
hase pressures at lower and higher Reyrolds numbers by about 50 per-
cent.

7. SIMILITUDE CONC..USIONS

In accordance with the principles stated in item 5, the exactness of the
similitude criteriz can not be satisfied for practical applicarions, there-
fore, correlation parameters are introduced here to show the magnitude
of a deviaticn from exact similitude. The correlation parameter K is
defined as:

M. /M ) Mad C

I(' = ( L, @ Y‘ Z
. M R E.C.

( L w)Y,Z

’

‘Then K} can vary as:
K'!' = 0{exact similitude),
K' > 0 (positive deviation), and
K' < 0 (negative deviationj.

The parameter K' i3 deternuned for each free stream Mach number con-
dizion at the followirg ~et of “pace cocrdinates:

X/~ lwd,

Y/D

G.15; 0.379,
and

zZ/D

0.15; 9.697: 2.2 .

Th= plots of ¥ versus the axial location are given in Figures 20 and 21.
The mzan similituds deviation is then:
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n = number of K' cbtained, and

J.
1

"

value of K' at n,.

(4)

The plot of mean similitude deviation versus free stream Mach number

is chown in Figure 22, from which the following conclusicns are rezched:
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Deviation versus Mach Number
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. The mean similitude deviation lies in the range of
(-0.038)— (+0. 080).

2. Si.nilitude criteriaare nearly satisfied at M., = 3
and 4, where the range is (0. 003)-> (+0.003).

3. The maximum deviation from the complete simili-
tude is expected at M,, = 2, where the range is
(-0.038)—> (+0.080), followed by MQ = 5 condition,
where the range is (-0.036) > (+0. 050).

4. The similitude is positive at the minor axis (ex-

| cept at M, = 3) and negative at the major axis (ex-
| cept at My, = 4) for the modified C vehicle; the di-

E rections are reversed for the blunted elliptical ceone.

X Analysis of the auxiliary nondetermining criteria, the normalized pitot,
static, and dynamic pressures for M_, = 3 and 4 test conditions in a way
analogous to the M, = 2 and 5 conditions presented herein, will lead to
the same conclusions. This is the case because the inputs are interre-

. lated through the basic similarity criterion, the Mach number. The ex-
3 perimental data for the M, = 3 and 4 cases is presented in Volume III
of this report.

"

As a final check on the two bodies for similarity, the momentumr defect

of the boundary layer at the base of each body was calculated. At My = 2,
the results of the calculations (integrated soiutions for the boundary layer
equations) indicate that the boundary iayer momentum defect of the modi-
fied C vehicle is 13.5 percent higher than that for the blunted elliptical
cone vehicle at the lcwer stagnation pressure, and 12.15 percert higher

at the higher stagnation pressure. The method for calculating the bound-
ary layer momentum defect in computerized form was developed under
this contract and is discussed in de*ail in Volume II.
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SECTION IV

DESIGN INVESTIGATION

BASIS FOR DESIGN CHANGES

This section reports the findings of aerodynamic analyses, thermodynamic
analyses, vehicular redesign studies, structural analyses, appendage de-
sign investigations, and auxiliary equipment selection endeavors, all of
whic! contributed to the recommended flight-test vehicle selection sum-
marized in Section VII. The findings aided in establishing the feasgibility
of reconfiguring the Arapaho C vehicle after booster separation to pro-
vide a flight test of a decelerator in the wake of a selected lifting body.

All design changes to the basic Arapaho C test vehicle ar< directly as-
sociated with the changes in aerodynamic shape required to adzqnately
simulate the wake of the selecteq lifting body, based on the wake ana-
lyses of Section Iil. Consideratiop in this design investigation was giver
to:

1. Minimizing added test vehicle weight

2. Miunimizing added volumetric allotments

3. Maximizing vehicle systern reliabiiity

4. Maintaining low refurbishment time and costs
AERODYNAMIC ANALYSES

Nature of Data Collected

Static stability and flow-separation survey testing was accomplished on
three of the four bodies investigated under the EUREKA program: (i}
basic Arapaho C, (2} Arapaho C with blunted nose cone, and {3) modified
Arapaho C (see Figuzre 2). This WT-I test series was oriented toward
determining the force/momant histories of those bodies at Mach num-
bers from 2.5 through 5.0 at angles of attack from -5 to +15 deg through-
out a relatively broad range of Reyncids numbers (0.05 X 106 /in. to

0.5 X 10%/in., as compatible with wind-tunnei limitations). Shadow-
graphs were taken =imultaneously with force/moment measurements iwu
order to permit visualization of tlow separation and transition over the
forebodies.

The static-stability data proved useful later in the wake analyses by pro-
viding drag data that were indicative of the total integrated momentum de-
fect in the vehicle waxe. These data proved most useful in the develop-
ment of wake calculation methods.

Program aerodynamicists also investigated vehicular drag characteris-
tics, determnined center-of-pressure locations for use in selecting a suit-
able cg location (static-stability n:argin), and analyzed the adequacy of
the design system as applied to the modified Arapaho C flight-test vehizcle.
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b.

Static Stability

Vehicular static stability comparisons were made in order to determine
the influences of the two nose configurations and two base geometries
tested in the WT-I series.

General trends of all three vehicles were to generate an increasingly
negatively sloped Cpym _ {change ip pitching monuent coefficient with angle

of attack) with increasing Mach numbear throughout the Reynolds number
regime, as was expected with flared vehicles. The basic Arapaho C and
the modified C-1 were statically stable over the entire range of free
stream parameters tested. The Arapaho C with nose cone, however,
was seen tu be statically unstable at Mach numbers 2.5 and 3 under high
Reynolds number conditions. This peculiar phenomenon led to an exami-
nation of the Arapaho C with and without the blunted nose cone in order
to determine the cause of the variatious .n vehicle stability. Figures 23
and 24 were plotted and compared with Hoerner's refsrence piot from
Reference 3 shown in Figure 25, a¢ a means of supplementing the shadow-
graphs in determining the nature of the flow over and behind the bodies,
with due considerztion given to the differances in forebodies represented
by WT-I data and the reference material. The curve shapes and shadow-
graphs indicated that the vehicles were in the transitional-to-turbulent
regime almost exclusively, with a remote possibility of being laminar at
the Mach-5, extremely low Reynold's number. Shadowgraphs revealed
that little or no flow separation occurs at the high Reynclds numbers on
the Arapaho C with nose cone. Evidentiy, at Mach numbers 4 and 5 and
high Reynolds number, static stability of the C plus nose cone vehicle
was ascertained by the high-magnitude resultant forces acting on the axi-
symmetric tail-flare. However, even at the highest Reynolds number
investigated, the flow at lower Mach numbers was insufficiently energetic
to stabilize that vehicle.

Because the basic Arapaho C was stable under the same conditions at
which the C plus nose cone was unstabie and the only difference in the
two vehicles was nose geometry, the iogical choice was to investigate
characteristics that could easily affect stability, and in turn are maost
susceptible to upstream flow signatures.

The WT-1 shadowgraphs revealed that at Mach numbers 2.5 and 3 and
high Reynolds numbers, the flow over the basic C vehicle was highly
separated. For low Reynolds numbers, the flow over both the basic C
and C plus nose cone vehicles also wer. separated throughcut the Mach
number envelope. The resuilts of the investigation showed that flow sepa-
ration produced a pressure distribution over the vehicles in which a
greater force is generated at a point downstream of the vehicle moment
center than fcr the unseparated flow case. Thus, 2ven though the sepa-
ratior. causes a reduction of forceas felt by the tail flare, the summation
of local forces multiplied by their respective moment arms yields a
moment of greater magnitude than that produced under unseparated flow
conditions. The resultant moment generated by the separation flow was
sufficiently large to stabilize both vehicle configurations. The conclusion
was made that regardless of nose shape, if separated flow exists over
the vehicle, the Arapaiho will be statically stable.
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In

Investigation of the data gathered while testing the modified Arapaho C
vehicle showed that the vehicle was inherently stable at all test condi-
tions, primarily due to the relative enormity of the elliptical flare at

its aft end. For reference purposes, Table III has been included earlier,
indicating the conditions to which the vehicles were subjected during the
static stability test series.

Stati: Stability Margin

An analysis was made to determine the maximum aft allowable center of
gravity location that would stil! enable the modified Arapaho C vehicle to
remain statically stable throughout its flight. This was accomplished by
determining the center of pressure location that would occur the farthest
forward during the flight.

The test vehicle was examined in three configurations:

1. Basic Arapaho C with extended cylindrical after-
body

2. Basic Arapaho C with the afterbody appendage
covers jettisoned (immediately prior to appendage
inflation)

3. Arapaho C with inflatable afterbudy (modified Ara-
pho C)

By inspection of the three configurations, it was obvious that the configu-
ration immediately prior to apwendage inflation, presenting the "least-
drag" profile, will produce the farthest forward center of pressur= loca-
tion during the flight.

Since the vehicle geometry just prior to appendage inflation is quite cluse
to ¢hat of the Arapaho C wind tunnel test model, except fo- the partial
cutout on the flight-vehicle configuration, the force results from the
Phase 1 wind tunnel test program were used as a fcundation for deter-
mining the center-of-pressure location. The wind tunnel results for the
normal force coefficient, Cy, and moment coefficient, Cypq, were modi-
fied slightly to account for the modified segment of the afterbody. The
slopes of the variation of Cy4 and Cy with angle of attack were calculated
8o as to determine Cy and Cyy , the normal force coefficient slope and

mom=nt coefficients slope and moment coefficient slope, respectively.
The center-of-pressure locations then were determined as a function of
Mach number for both the high and low Reynolds number cases.

The results for the limiting center-of-pressure location are shown in
Figure 26. The figure irdicates that the center of gravity is constrained

Aorward of a location of 5.5 calibers from the vehicle nose to ensure

static stability; the exact center of gravity location to be determined by
the desired static margin, and the results of the vehicle design and struc-
tural a2nalysis, as presented in Items 5 and 6 of this section.
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d. Vehicle Drag Investigation

A limited analysis was made to estimate the drag of the modified Ara-
paho C vehicle, since the wind-tunnel force tests were cond.icted on the
modified Arapaho C vehicle with a ncse cone, while the recommended

o flight-test vehicle is equipped with the basic Arapaho C's spike nose.

In order to determine the drag of the modified Arapaho C veliicle, the
effect on vehicle drag of the removal of the nose cone was considered.
This effect was accomplished by comparing wind-tunnel results for the
basic Arapaho C without a nose cone and the Arapaho C with a nose cone.
The resulting incremental drag due tc the removal of the nose cone is
shown in Figure 27 as a function of Mach number of both the high and low
Reynolds number cases. The results of Figure 27 indicate that appreci-
able data scatter may be present in the wind-tunnel data. Therefore, a
second (but related) method was also examined.

The incremental drag due to the difference between the elliptical and cy-
- lindrical flares was obtained by compa -ing the drag of the modified Ara-
pako T with nose cone to that of the basic Arapaho C with the nose cone.
This incremental flare drag then was added to the drag of the basic Ara-
paho C to yield the resultant drag of the modified Arapaho C. The incre-
mental flare drag curves are shown in Figure 28 and appear better be-
] haved than the incremental nose drag curves of Figure 27. Figures 27
\ and 28 indicate that the incremental drag values are larger for the iow
] Reynolds number case than for the high Reynolds number case. This re-
3 lationskip iz in direct contrast to the trend shown by the total vehicle
Arag curves in which the drag is always greater for the high Reynolds
cases. Figure 29 displays the total vehicle drag for the basic Arapaho C,
the Arapaho C with the nose cone, and the modified Arapaho C with the
nose cone, respectively.

Either incremental drag method discussed will vield the drag results for
the modified Arapaho C shown in Figure 30, i.e., the results of Fig-
gures 27 and 29C or Figures 28 and 29A. Figure 30 indicates that the
drag of the madified Arapaho C is slightly higher for the low Reynolds
number case az opposed to the results for the other three vehicles. The
high Reynolds number drag curve appears to be very well behaved as is
i the low Reynolds number curve below Mach 4. Above Mach 4, the low
Reynolds number curve exhibits a drag crossover similar to that shown
in Figure 27.

™~ N

Although the predicted drag coefficients for the modified Arapaho C are
not exact, the methods used were the only realistic means available to
predict the vehicle drag except for experimental testing.

Despin Analysis

lee

Because of the contractual stipulation that the test vehicl: shall not be
spinning (roll-mode) in excess of 20 deg/sec at the test-item deployment
initiation point, a cursory anaiysis was performed in order to ascertain
that the despin system incumbent to the basic Arapaho C is adequate for
roll negation of the modified vehicle. The despin event occurs on the
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trajectory subsequent to booster separation, yet prior to jettisoning of
the appendage covers.

The despin system design discussed in Item 4 of this section is such that
two pairs of opposed-firing, oppositely oriented nozzles (each nozzle de~
veloping a 12.5-1b thrust) are located with the thrust axis of each nozzle
lying at 0.67 ft from the vehicle's longitudinal axis. The system, as de-
signed, develops a torque of:

T = F(X) = 25 X 0.67 = 16.75 lb-ft . (5)
The test vehicle investigated somewhat conservatively weighed 445 1b and

had a roll moment of inertia of 2. 37 slug-ft2 {from Reference 4). The
despin system’s deceleration capability is then:

. L. 18D o 7,07 rad/sec?(405 deg/sec?) . (6)

With the system propellant weight of 1.27 1b and nozzle flow rate of G. 153
lb/sec, the thrusting period of the system is 4. 15 sec. If no overshoot in

system despin occurs, the system is capable of despinning to 20 deg/sec
from an initial spin rate of:
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405(4.15) + 20

1680 deg/sec

4. 68 revolutions per second (rps) . {7

Should overshoot occur (as shown in prior system tests), necessitating
despin thrust orientation reversal (switch nozzle sets), it is easily shown
in a similar manner that even for 0.5-rps oversnoot allowance, the sys-
tem is capable of despinning to 20 deg/sec terminal spin rate from an
initial rate of 4.5 rps.

THERMODYNAMIC ANALYSES

Objectives

Thermodyanamic investigations on the recommended modified Arapaho C
were made in order to assist in selection of inflatable appendage materials
and in determining appendage inflation system parameters as a function

of initial reservoir conditions. The critical test points portrayed in Fag-
ure 1 were selected on a critical heating basis,

Pressure Distribution

Tke pressure distribution over the flare configuratior. denoted as Mod
C-1, tested in the WT-I and WT-II wind-tunnel series, was calculated
for use in flare stress and thermal studies, using metods identical to
that used in estimating the distribution over the basic Arapaho C in Ref-
erence 4. This distribution was shown to be conservatively high when
empirical WT-II local pressure measurement data were superimposed
on the estimates. Cone theory was used to determine pressure coeffi-
cients for the 18.5-deg conical angle major-axis plane and the 6.5-deg
conical angle minor-axis plane. Figure 31 shows the estimated distribu-
tion used for tuc analyses, relative to the Mod C-1 forebody geometry.

Critical Heating .analysis

The addition of a. inflatable appendage to the basic Arapaho C test ve-
hicie required a consideration of the « 2rinal effects on the material
forming this surtice, since aerodynamic heating rates on this surface
may be significant in the Mach number range proposed for the flight-
test program. This may be particularly so during the series of com-
paratively low altitude test flights that may be conducted, as showa in
Figure 1.

The possible deployment test points at a Mach number 2 or 3 were elimi-
nated from serious consideration, since the adiabatic wall temperature
of the generated flow field at altitudes from 40, 000 ft and upward lie
within the capability of Nomex fabric material (2600 F). However, the
possible test points at a Mach number of 4.3 and 6 at altitudes of
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Figure 31 - Estimated Pressure Distribution over Modified Arapaho C-1
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70, 000 ft and 110, 000 ft, respectively, generate adiabatic wali tempera-
tures in excess of 600 F. It is these twe points that were isolated for
thermal analysis leading to specific n:aterial and coating selection.

In support of the thermal analyses, trajectories for these two isolated
test points were calculated. The trajectories were based on equations
of motion of a point rnass involving two degrecs of freedom. The tra-
jectory calculation was begun from the instant of inflatable skirt deploy-
ment and inflation. The related positions in space were assumed to oc-
cur approximately one to two ser.onds prior tc the deployment of the test
item and did not include the infiuence of the drag of the test item. The
trajectory for the Mach number 4.3 test point is shown in Figure 32A,
while the Mach number 6.0 case is shown in Figure 33B. Of the two
trajectory cases computed, the test point for a ¥Mach number of 6.0 at
100, 000 ft appeared to be more severe durirg hoth exit and entry flight
since the flight extends over 300, 000 ft of aliitude before re-entering
the sensible atmosphere at approximately the rame veleocity at which
the initial test point was reached. At 60,000 it after re-entry, the Mach
number is about 5. 6. In contrast, the trajsctorv for the Mach number
4.3 case does not carry over 300, 000 ft. A maximum Mach number of
3.2 is reached at approximately 70, 000 ft during descent for this case.

Looking at the aerodynamic heating aspects of these trajectoriec, a cold
wall heat flux rate for both cases was calcuizted at a position one foot
from the junction cf the rmaximum flare angle {18.5 deg) and the cylindri-
cal main body of the vehicie. The rates were based oa a turbulent bound-
ary layer existing over the flare during both exit and entry {light into the
denser regions of the atmosphere. The assumption of a turbuient bound-
ary layer was based on flat plate momentum Reynolds number caicula-
tions using the following equation suggested by Stetson (Reference 5):

0.114 0.5
Pl PV

Reg = 0.695{ -~ (—1—-"9—-) (8)
141 My

Boundary layer transition criteria is usually taken at Regq ~ 400 to 600
for flow over a flat plate. Assuming that the flow over tge cylindrical
portion of the test vehicle is similar to flow over a flat plate, the result-
ing calculations showed that the momentum Reynolds numbsrs are well
beyond the transition criteria range during the testing periode. Thus, it
appeared reasonable to assume that these test points are in the turbulent
boundary layer flow regime for purposes of heat flux rate calzulations.

The cold wall heat flux rates for both trajectory cases are shown in fig-
ure 33. The heat flux rates were calculated using the equation:

. 0.06296 * _ \
S = o 3 a0 2 f N R T By 9

which is representative of heattransfer to a flat plate in a high-speed turbu-
lent boundary- layer. The quantities with asterisks indicate evaluation
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using reference enthalpy prccedures. The heat flux calculations for the
test point Mach number of 4.3 shows that the maximum heat flux rate is
experienced immediately upon inflation of the appendage. A maximum
heat flux rate of 13 Btu/ft2-sec is predicted to oxcur at this point, while
during entry flight, a peak heat flux rate of 6 Btu/ftz-sec is reached.
This latter rate reflects the trajectory path data that showed the test ve-
hicle continually decelerating in the sensible atmosphere.

The maximum heat flux rate for the Mach number 6 flight occurs during
re-entry. The heat flux rate variation with time of flight is shown in
Figure 33B. A maximum rate of 15 Btu/ft“-sec is predicted at the point
of inflation for this flight; however. during re-entry, the maximum heat
flux rate to be expected is almost twice that expected during exit flight,
reaching about 28 Btu/ft2-sec. Thus, it appears that the Mach-6 test
flight at 100, 0G0 f: will generate the most severe overall thermal expos-
ure of the appendage material to aerodynamic heating.

One other interesting point in the test flight envelope that has not been
mentioned thus far is the possible test point at a Mach number of 6 at

200, 000 ft. Since the ambient pressure at this altitude has diminished
considerably from the lower test point altitudes, the pressures acting on
the appendage surface also have decreased considerably. Hence, the
likelihood of aerodynamic heating at this paiticular test point can be con-
sidered negligible. However, during the re-entry phase, the aerodynamic
heating rates will be of greater magnitude. In order to ascertain the mag-
nitude of the heating rates, a trajectory path emanating from this test
point was calculated and the heating rates to the a2ppendage surface were
a%praised. These rates are shown in Figure 34. A peak rate of 48 Btu/-
ft“-sec is predicted for this re-entry case. This is almost twice as

large as that predicted for the re-entry case where the Mach number is

6 at 100,000 ft. Thus, it appears that the most significant aerodynamic
heating rates on the appendage will occur during the re-entry phase of

the trajectery paths for any Mach 6 test flights.

On the basis of the aerodynamic heating potential at the appendage sur-
face examined thus far, the lower heating rates predicted during the
initial testing pericds suggested that these be utilized to examine the
appendage material for ternperature rise. In particular, the heat flux
rates generated by the Mach-6 deployment at 100, 000 ft was apparently
the most severe in the test point envelope; therefore, its effect on the
appendage material should prove deciding for this series of test points.
A one-dimensional transient heat conduction analysis for the tempera-
ture distribution in the appendage material was conducted using basically
the partial differential equation fcr heat conduction in a slab:

aT _ 3%T
3t ——-axz . (10)

This equation was converted ta a finite difference equation and put in the
form of a heat halance, so that the heat-in minus the heat-out is equal to
the heat-stored. For any ith layer, the heat balance can be written as:
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RS - .k - = pe(AX) oy ;
A Tio1 - T - &x(T - Ty ) = =5 (T - T)) (11)
At the outer surface:
s a4 2T -Ty ecSE .
BT, - T)) -€o(T,* -1 % - — e T) . (12)
A2
1

At the inner surface, an adiabatic wall condition was specified; therefore,
no heat crossed this boundary. The slab of appendage materiai was then
divided up into a number of nodes and Equation 11 was used to balance the
heat flow through these nodes. The convective heat input term into the
outer surface in Equation 12 was modified to take into account the hot
wall condition by operating on the ccld wall heat flux rates in the follow-

ing manner:

. Taw i Tl
G = MTay =T = Qe \T_—7_ ) (13}

These equations were solved simultaneously on a digital computer and
the results are shown in Figure 35. The wall material was basically
HT-72 Nomex fabric covered externally by a 25-mil layer of Dow-Corn-
ing 92-007, a flexible silicone ablative type of coating, and internally by
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Figure 35 - Temperature Rise with Time on EUREKA
Inflatable Appendage

4 mils of the same material. The results of the transient analysis showed
that the ou.side surface temperature would rise to 780 F in four seconds.
However, the thickness of the coating material is sufficient in keeping the
Nomex material from reaching 600 F. As the heat flux rate decays with
increasing altitude, cooling of the appendage takes place. After approxi-
mately four to five minutes of flight, the test vehicle re-enters the sensi-
ble atmosphere and again is exposed to aerodynamic heating.

Since the heat flux rates encountered during re-entry are much greater
than those used in the exit flight heat conduction analysis presented above,
undoubtedly, the temperature rise in the fabric apperndage should be
enough to raise the ternperature of the fabric above 600 F. Oth:r combi-
nations, such as thicker Nomex cloth matsrials coupled witk other types
and thicknesses of coatings, were also analyzed using the outlined heat
conduction analysis methods. Many of them showed potential for use as
appendage material; however, their ability to be successfully packaged

in the volume allotted was sericusly questioned. As a result, further

analysis of re-entry shielding and material requirements was discon-
tinued.

In conclusion, the results of this thermal analysis show that the Nomex/-
silicone-coating combination should be sufficient to absorb the aerody-
namic heat loads predicted to occur at the appendage surface during and
immediately after inflation and subsequent to test point occurrence. The
geometric angle of the flare examined was 18.5 deg so that the results
may be extrapolated to any of the other longitudinal surface geometrics
on the unsymmetrical appendage. In such a case, the shallower flare
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orientation leads to lowez heating rates, alleviating the temperature rise
problem. However, the expected re-entry heat flux are two to three
times as large as those used to thermally analyze the appendage material.
The presently recommended apperdage, therefore, is not expected to suc-
cessfully survive the re-entry flight.

4. VEHICLE MODIFICATIONS

Recommended Modifications

Iy

The recommended test vehicle appeadage, after analysis and w.nd-tunnel
tests, was determined to be the elliptical flare configu=ation shown on
Figure 36. The flare starts at Station 37.96 as an 11-in. diameter circle
and changes into a shape closely approximating an ellipse. The flare
corfiguration required changes to the Arapaho C vehicle chiefly in the
region from Station 37. 96 to Station 7.06. A list of vehicle design changes
is given in Table IV.

b. Sequencing
(1) Sequence System Design Analysis

The Arapaho C vehicle's sequence system wae reviewed to determine its
compatibility with the EUREKA program. The requirement that the
EUREKA vehicle meet the Eglin AFB range safety criteria makes it nec-
essary that the vehicle employ l1~amp; 1-w, no-fire-for-5-min electro-
explosive devices. This requirement involves a change to the Arapaho C

STA STA STA STA
109.63 85.56 37.9€ 7.06

:__'IE 30.8 IN {MAJCR AXIS}

\
v

18 5 DEG

L‘—I) IN. {REF)—o

|

Figure 36 - Geometric Details of Elliptical Flared Appendage
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TABLE IV - RECOMMENDED VEHICLE MODIFICATIONS

Modification Reason

Relocate safe and arm receptacle Interfered with installation of elliptical
flare

Relocate lanyard switch Interfe-ed with installation of elliptical

flare

Replumb despin system Interfered with installation of elliptical

flare

Redesign tensiometer beam To permit separation and test item re-

tention

Redesign test decelerator coutainer | To provide packaging area for ellipti-
czl flare

Redesign test decelerator deploy- Container redesigned

ment

Relocate aft pyrotechnic switches Interfered with safe and arm receptacle
and lanyard switch

Redesign recovery parachute New test item container restricted

clevis fitting parachute riser line installation

Addition of fiare cover Provide conical fairing during boost

stages and to protect stowed elliptical

flare
Addition of radar beacon battery Battery cells in main battery pack used
pack for sequence circuit
Redesign of main battery pack Increase sequence circuit voltage
Incorporation of l-amp, l-w, no- Comply with new range safety criteria
fire, electroexplosive devices
Test decelerator retention capa- Design required

bility addition

vehicle. It entaiis replacing many of the existing electroexplosive de-
vices and also makes it necessary to supply more battery voltage to pro-
vide the 4.5 to 5.0 amp recomrnended fire current for the l-amp, 1-w,
no-fire devices. The Arapaho C vehicle's pyrotechnics are listed in
Table V, and the suggested replacement devices also are shown in the
table.

(2) Detonators

The replacement of the detonators for initiating the flexible linear-shapec
charge offered various possibilities. These detonators are employed in
final-stage booster separation and nose-probe separation. The Arapho C
vehicle uses DuPont X549D Minidets, which arz mimaturc dgevices.
They have proved to operate quite satisfactorily, however, they are not
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TABLE V - FYROTECHNIC DEVICES

Arapaho C EUREKA
Vendor part Vendor new part
Description Quantity number Quantity number Comments
Dimple motors 2 DM25N4, 2 DM43B0, Physically interchangeable
(actuate tumers) Hercules Hercules |
Pyrotechmc switches 30 MS . . . CR Series, 34 MS . WRFRT Not physically :nterchange-
{s=quence control) Atlas Series, able. Requires redesign of
Atlas pyro switch boards
Detorators 2z XS549D Minicet, 2 iDT123, Not physicaliy interchange-
{booster separation) DuPont Atlas able
Carcridge 4 Part of Valve 4 1DT123, No change required
(despin valve) 1804-032-02, Atlas
Conax
Squib 12 5-94, 2 'GN116, Not physically interchange-
{test item thrusters) DuPont Atlas able. New cartridge cap
required
Detonators 2 X549D Minidet, 4 1DTI123, Net physically interchange-
{rose probe separa- DuFont Atlas able
tion ring)
Cartridge 1 PC-10, 1 1DT123, No change recquired
(beam separation nut) Hi-Shear Atias
Squib 4 S-94, 1 IGN116, Not physically interchange-
{recovery parachute) PuPcent Atlas able. New cartridge cap
required
Cartridge 4 Part of Pin Puller 4 Part of pin puller | Physicallv intercharngeable
(satch pin puller) 1808-024-02, GDC,
Conax Conax
Cartridge 1 Part of Valve 1 Part of pin puller | No change recuired
{fiotation balloon valve) 1802-069-~01, GDC,
Cenax Conax
Squib 0 No requirament 2 1GN1L6, New EUJREKA application
(flare cover thrusters) Atlas
Cartridgs 0 No requirement 1 Part of vaive, New EUREKA appl:cation
{flare inflation valve) Conax

l-amp, 1-w, no-fire devices.

The manufacturer was

mine if a 1-amp, 1-w device in the Minidet version is
response of E.I. duPont & Co. was, "No, " and they do not wish to de-
velop such a device at this time.
tries, Inc., was contacted and although they have no such device at this

time, they wculd develop it and charge for development.
does have a iarger version available in the 1-amp, 1-w version.

Another vendor, Atlas CThemical Indus-

contacted tc deter-
available. The

Atlas Chemical
An-

other company, Unidynamics/Phoenix Division, alsc has a 1-amp, 1-w,

no-fire device that is larger than the Minidet.
dynamics devices have similar eiectrical characteristics.

Both the Atlas and Uni-

Use of the

larger size detonators will require a different configuration for the dets-

nator installation.
replacement item.

(3) Circuitry

Use cf the 1-amp, 1-w, no-fire devices involved a complete circuit analy-
sis of the sequence system to determine the correct battery voltage, cur-
rent limiting.resistances, and short circuit protection.

The Atlas version is listed in Table V as the suggested
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critical factors in the proper sequencing and firing of electroexplosive
devices. Additional events also have been incorporated in the sequence
system to operate the elliptical flare deployment and inflatir 1 system.

Table VI lists the sequence of events for the EUREKA test flights. As
shown on Table VI there are requirements for different sequences, de-
pending upon the bccoster configuration and test peint. ™ particular, the
Honcsi john-Lance-Lance booster combination requires additional oper-
ations to separate the third-stage Lance when final-stage booster separa-
tion occurs at aititudes above 125,000 ft. For this condition, retrorockets
are rzquired to decelerate the final stage booster after separation.

The current pulses experienced on a typical test flight are shown in Fig-
ure 37. During ideal operation, the current pulses will be less tnan 100
msec in duration. In normal operation scme cf the electroexplosive de- i
vice bridgewires can be expected to short after firing. This is particu-

larly true for flexible linear-shaped charge detonators used for booster

separation and nose-probe separation.

A circuit analysis was made tc determine the sequence battery voltage
requirea for the EUREKA system as a result of the 1-amp, l-w criteric.
The analysis also determined the values of sequence circuit current limit-
ing resistors. The circuit analysis is presented in Appendix I. The se-
quence of calculated firing currents are summarized below in Table VII.
The analysis shows that the sequence battery voltage should be 21.25 v.
This voltage is obtained by using z5 celis at 1.25 v per cell, connected in
series. The cells are the same as those used for the Arapaho C. The
cells are of nickel and cadmium, Part Number S-113, manufactured by
Sonotone Corporation.

PXIS R S S AN

fr? i

W
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e sears

{4) Circuit Isolation

The use of pyrotechnic switch contacts to open the circuit to the electro-
explosive device bridgewires after firing has been maintained in the
EUREKA program except for the flare cover thruster and flare inflation
valve circuits. These two circuits were added for the EUREKA applica-
tion. For circuit isolation, fuse resistors have been employed. Type FR
fuse resistors, manufactured by International Resistance Company, ap-
pear to be suitable for this application.

TP TR

Some advantages of the fuse resistor are that it:
1. Eliminates need for pyrotechnic switch in cases
where the pyrotechnic switch is used only for cir-

cuit isolation

2. Combines current-1’miting resistor function with )
fuse function ’

3. Only acts as a fuse if shorting condition exisats

] 4. Requires no current to fire pyro switches; reduces
complexity of sequence circuit
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FUREKA
Time A s
Activity Actuation {sec) Operation ADDPEP| MJ®-N [ HI'-N-N ny-N-L} HI-L-L} HI-L-L
First-stage ignition Ground initiated T+¢0 Fire 1gniter squid x x x x X x
Launch Start timers T+0 Pull lanyard and ac- x x x x x
tuate inertia owitch
First-stage burnocut ... T+S e X X x x x
Second-stage ignition Ground initiated delay] T + 10 Fire igniter squid X x x x x
Second-stage ignitien Cain ) T +15 Fire igniter squib x x
Scsomd-stage barnoct e T+18 x x x X x «
Second-stage separation interstage { M. - Fire separation nut « x
Final-stage ignition Cam ) T +25 Fire igniter squib x x x x x X
Final-stage burnout PP . .. -
Fimal-stage separstion Cam 2 T +32 *ire FLSC deto- x x x x x x
nators
Ratrorocket igaition Cam 2, plus time T +32.5 | Fire igniter squib x X
dalay
Pretest calibratior. on Cam 3 T ¢+ 34 Opextte relays X b X b 4 x x
Despin on Can 3} T + 34 Fire sxplosive valve x x x x x x
squib
Despin off Cam 3, plus ime to JT + 36 Fire sxplosive valve x x x x x X
despin squib
Flara fairing ejection Cam 3, plus S-gac 1439 Fire thrueters’ squid x x x x x
tira delay
Flare inflation Cam 3, plus 5 S-sec | T ¢ 39.5 | Fire explosive valve x x x x x
time delay squid
Camaeras on Camn 4 T+ 4 Operate relays x x x x X X
Solenoids open Cam ¢4 T+4) Operate relay x x x X > x
Pretest calibration off Cam 4 v <1 s2¢ T+42 Opzrate relay x x X x x x
Test itern deployment Cam 4 + { sec TR Fire thruster sguid x x X x x x
Post-test calibration Cam $ T+71 Operate relay x x x x b 4 x
Solenoid valves closed Cam 6 T+90 Operate relay x x x x x x
Canwra power off Cam & T +90 Operate relay x x x x x x
Recovery eaatle Cam 6 T+90 Cloee timer switzh x x x x x x
Beam rclease Altitude baroswitch | At 11, {i, fire separation x x x x 3 X
rut squib
Recovery parachute de- Baroswitch plus Fire gas generator squid x x x x x x
ployment and auxiliary 0 Stol sec
flotation BALLUTE" de-
ployment
Nose prode separation Daroswitch plae 1| 5 | Fire FLSC detonators x x x x x x
to 2 sec
Aciivate salt warer battery| Water impect {(W1) wl+o . x x x x x x
Fiotation canister latch W1 +0.5 } Fire pin puiler squid x x x x x x
pins
Flotation balloon inflation Wi ¢+ 0.9 ] Fire explosive valve x x x x x >
aquid
Rodio beacos operatioa wiss X x x x x x
Dy» marker dizpension . Wle3l Yator soluble X x - X x x x
Pinger operation w1 Self initiatiag and x
suatainiog
*HJ - Homest John
*M - Nike
3L - Lance
£¥or boosier sepuratian occurring at altitudes greater than 125,000 &t
®TM. Goodyear Aerospasc Corporation, Akron, Ohio.
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Figure 37 - EUREKA Electrical Load versus Time
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TABLE VII - SEQUENCE FIRING CURRENT SUMMARY

Calcuiated

Firing current firing

current-

Recommended|CalculatedMinimum| circuit

firing firing fire shorted

current current |current | condition

Device {amps) (amps) (amps) {amps)
Dimple motor 5.0 5. 40 3.5 3.90
Pyrotechnic switches 5.0 5.16 3.5 3.80
Final-stage igniter (Nike) 5.0 5.00 3.5 4.16
Final-stage booster separation 5.0 6.30 3.5 4,70
Despin valve 5.0 5.46 3.0 3.89
Test item thruster 4.5 5.70 3.6 4,35
Nose probe separation 5.0 6.30 3.5 4.70
Beam separation nut 5.0 5.38 3.5 3.86
Recovery parachute 4.5 6.36 3.6 5.25
Latch pin puller 5.0 5.40 3.0 3.87
Flotation balloon valve 5.0 5.40 3.0 3.04
Flare cover thruster 4.5 5.70 3.6 4,35
Flare inflatica valve 5.0 8.20 3.0

Final-stage igniter (Lance) 4.5 4.80 3.5 3.79

e)

le.

It is recommended that the circuit isolator pyrotechnic switches that have
been carried over from the Arapaho C be replaced with fuse resistors.
The circuits affected are shown in Table VIII.

Elimination of eight pyrotechnic switches and eight associated limiting
resistors could 2 achieved by the use of fuse resistors.

Test Item Stowage Volume

A minimum of one-half cubic foot is required for test item stowage. The
preliminary design provides a cylindrical test item stowage ¢ompartment
that is 11.5 in. in diameter and 12.5 in. long for & total stowaga volume
of eight-tenths cubic foot.

“Recovery System Location

The Arapaho C recovery parachute container (see Figure '384A) is located
in the aft part of the recovery section. Since the test item container was
ejected during test item deployment, the recovery parachute was biasted
ourt directly into the wake of the recovery section. The E(JREKA vehicle
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TABLE VIII - CIRCUITS AFFECTED BY FUSE

RESISTOR INCORPORATION
A
Pyro switch
I reference
design number & Limiting resistor
number associated| Limiting resistor
Circuit Sequence AlSequencc B| with pyro switch number

Final-stage
igniter SZPT S2PT R109, RI110 R39, R40
Final-stage
separation S3PT 53PT R113, R114 R49, RS0
Test item
thruster S8PT S8PT R79, RES8 R63, R64, R65, R66
Latch pin and
flotation valve| SI5PT S15PT R119. R120 R57, R58, R59, Ré60

* . .. .
These devices are eliminated, one in each sequence.

+ . . .
These devices are replaced with fuse resistors.

)

12-IN. DIAM

i

A = ARAPANHO C 8 ~ EUREKA

Figure 38 - Recovery Parachute Deployment
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(1)

{2)

will have an additional shell behind the recovery scction (see Figure 38B)
because the test item container will remain with the vehicle.

The additicnal shell on the EUREKA vehicle has a 12-in. -diam by 20-in. -
long smooth bore through which the recovery parachute pack (7.7 by 4.7
by 20 in.) travels before reaching the wake of the vehicle. This additional
20 in. should produce no adverse effects on recovery parachute deploy-
ment.

Despin System

The existing Arapahc C vehicle employs a despin system that operates
prior to test item deployment after final-stage booster separation. A
rate gyro aboard the vehizle opens-the despin nozzles when the spin rate
is greater than 20 deg/sec as mentioned in Item 2, e of this section. The
addition of the. elliptical shape in the flare area removed the hard struc-
ture that formerly held the nozzles. To maintair the present capability,
it is necessary to relocate the nozzles su that the moment arm about the
center of roll is tne same.

The despin system for EUREKA will be operated after booster separation,
but before ejection of the elliptical flare and the inflation of the elliptical
flure. The changes in segquencing are shown below.

ADDPEP sequence EURIKA 3equence

Booster separation Broater separation

Despin Despin
Flare cover ejection
Inflation of elliptical flare

Test item deployment Test item deployment

Flare Deployment

Deployment Sequence

The clliptical flare will be deployed after the despin operation occurs.
Deployment of the flare entails removnal of the flare cover sections and
then inflation of the elliptical flare. Removal of the flare cover is ac-
complished with two thrusters that eject thie two half sections. The flare
is inflated by explosively opening a valve that allows nitrogen gas stowed
in a high-pressure reservoir to escape to the flare assembly. The se-
quence is shown schematically in Figure 39,

Flare Cover Ejection, Alternaie Consideration
Shaped charges and thrusters alao were considered for flare deployment.
The shaped charge method utilized a flexible linear-shaped charge (FL.SC)

that was installed between the butting edges of the two half-flare shells as
shown in Figure 40. :
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Figure 40 - Placement of FLSC

This method was discarded because the residue of the pyrotechnic explos-
ion was not contained. Fragmentation could damage the skirt assembly

fabric,
(3) Flare Thruster Calculations

Dynamic pressure at time of
mum of 2000 psf.
the test point regime and the
60, 000 ft. By assuming that

flare inflation was estimated ‘o be a maxi-

This was obtained by using the q = 10600-psf line as

worst test point on this line of Mach 3 at
flare inflation occurs three seconds prior

to the test point and that the velocity is constant for this time span, the
altitude at fiare inflation then will be:

60, 000 ft - (3 sec X 3 X 968 fps) =

At 51,000 ft, p = 232.4 psf.

q

A valve of 2000 psf was used

51, 000 ft .

The dynamic pressure is then
= 0.7(232. 4)(3)2

= 0.7pM°
= 1460 psf .

to be conservative.
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The spike nose version of the C test vehicle would have a C /C of
P’ "Timax

about 0.125 at M__ = 3.00 to 6.00 (see Reference 4). For q = 2000 psf,
P = 250 psf, or 1,74 psi.

The iflare cover geometry and loading are shown in Figure 41. Assuming
that the differential pressure on the cylindrical portion of the fiare is

negligible and using a factor of safety of 1.5, the normal force on the
flare is:

{11 +18 .
Fy = (—-——-—-2 ) X 9.875.X 1.74 X 1.5

374 1b ultimate .

Assuming the force on the flare is zero when 6 = 18 deg 30 min, the
energy required per side is:

E = Fro
374 _ 24.05 _ 18.5
= XT3 X813

The total energy per thruster is then 120. 6 ft-1b.

A small amovunt of energy is required to break the shear screws at the
thruster assembly. These shear screws serve an impertant purpose in

11.0 N

aa

18 OEG 30 MIN

¢
( ,'\\ F

| N S\
i
\

\

9 473 IN.

' t
A

30.62% IN.
\\ 24.08 IN. \\ '

\ \ \—
\ \
\ bo—— THRUSTER REAC TIONS
0/\\

Figure 41 - Flare Cover Loading at Ejection
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that they ensure pressure buildup in the thruster prior to breakage. The

energy required to break these shear screws is negligible when compared
to the total energy required for the thrusters and is, therefore, not con-

i sidered in this analysis. With a stroke of 1.5 in. for the thruster and,

assuming that the force at the end of the stroke is one-fourth that at the
start, the maximum force required for the thruster is:

1

'S
. 5P 1.5} _ _
i E ("8— X —i-‘i-) = 120.6 {t-1b

/&
boe———— 18 m.———»{ T

v

)
1

peak force = 1544 1b .

g- Flare Inflation

The elliptical flare is composed of two separate madules that are joined
together by an inflation manifold. Stored nitrogen passes through the ex-
plosive operated valve to a tee and then to each of the flare modules. The
inflation system is shown schematically in Figure 42.

RICATG ) A3t S AL,

ters as a function of initial reservoir conditions. The study was based 3
on the exprulsion of a gas stored in a pressure vessel through a sonic
orifice into a fixed-volume receiver. In the case of the modified Ara-
paho C test vehicle, it is proposed to inflate the appendage using a fixed
amount of gas, stored under high pressure, into a fixed volume container.
Thus, once the inflation process ie initiated, transient conditions exist

in both the pressure vessel as well as in the fixed volume appendage re-
ceiver until equilibrium conditions are reached between the two reser-
voirs. As a result, the final state of the gas will depend largely on the
changes in the gas properties in the storage vessel as the contained gas
expands within the vessel, while the exit mass flow at sonic velocity de-
pletes the amount remaining in the vessel. In addition, the gas proper-
ties in the fixed volume appendage reservo:ir changes due to accumulative
addition of gas at conditinns other than that already present.

E A study was conducted to determine appendage inflation system parame-

e an

TR T Py

M

The amount of gas expelled from the storage vessel under sonic flow con-
diticns can be derived from the conservation of mass principle, isentropic
flow relationships, and sonic velocity equation. This equation can be j
written as:

. 12 (n+1)/(n - 1) ]
3 . _dw _ Atplgn (Er i) (14)

dt gnRT, '

»

N L St I

MM e




G

Ai-Soamte vot st aLrereat

AFFDL-TR-67-192

Volume 1

T—L

1
eu.scraoexm.osnvs/
VALVE

3000-PSIG /

NITROGEN //
RESERVOIR —r'

\ =
S|

ELECTRICAL POWER SOURCE

\—INFLAYABLE

FLARE
MODULE (2)

FILLER VAL YE

ﬁ..qb. - Tb - =~ SEQUENCE SWITCHM

Figure 42 - Appendage Inflation System
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If one considers very short time increments, then the weight of gas re-
maining in the storage vessel can be approxirated by tae following rela-
tionship:

WB' = WB - Aw, (15)

while the change of weight of gas in the appendage jis:

Wa' = Wa+Aw. {16)

The new pressure in the storage vessel now may be calculated from the
perfect gas law and the isentropic pressure-temperature relationship to
yield the new pressure vessel gas properties,

The gas properties in the appendage vejume then n uy be calculated on the
basis of the weight of gas prese:rt. {lsing a heat baiance between the
weight of gas present and the weign! ¢f gas newiy airiving, the tempera-
ture of the gas may be calculated ¥rorn thz follow:ing equation:
FW.T
WITI » ?,Td

Tg = —w_+w, - (17
1 Z

The pressure in the bag aiso can be calculated usirg the perfect gas law.

If the inflation process is to take place over a short elapsed tizne period,
it becomes quite evident that the process is highly transien:. Thus, the
analysis was conducted using a digitally computed :teration process. The
results of the analysis particularly applicable to the appendage inflation
process for the Arapaho C test vehicle are shown in Figure 43. The
initial storage vessel gas properties were specified to be

Py, = 3000 psi,

T1 = 76 F,
and

V1 = 4 cu in.,

while the receiver volume was estimated to be 1782 cu in. The gas to be
used for inflation is nitrogen. The ratio of specific heats, n, remains to
be identified. Based on experimental work conducted at Goodyear Aero-
space on inflation systems of this type, this ratio n has been determined
to approach 1.2 and was used in the analysis. Tlre required pressure in
the inflated appendage was specifiad by strength requirements to be 5.5
psi. The results of the analysis conducted for a series of orifice size
diameters showed that this pressure may be attained quité readily from
the storage vessel specified over elapsed time intervals from about 0.2
sec to about 4 sec. The orifice diameters vary from 5/32 to 1/32 in.
for these elapsed times, respectively. The gas temperature in the ap-
pendage is quite cool and varies with the diameter of the orifice utilized.
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Figure 43 - EUREKA Appendage Inflation Parameters

The decrease in temperature of the gas in the appendage reflects directly
the rapidly expanding gas in the storage vessel as the gas supply is de-
pleted. From Figure 44, it appears to be feasible to inflate the appen-

dage in the 0. 3-sec time span specified in the subject contract by using
an orifice diameter greater than 1/8 in.

Test Decelerator Deployment

Variations in EGREKA Decelerator Deployment

The EUREKA test decelerator deployment differs from the Arapzho C
test decelerator deployment. The difference is attributed to the special
EUREKA considerations pertaining to the elliptical flare appendage. The
Arapaho C test decelerator was deployed by using three thrusters to
thrust the entire test decelerator container away from the test vehicle.
This separation is shown in Figure 44. For the EUREKA, it was conven-
ient to use the test decelerator container outer shell as the internal center
member of the elliptical flare. The outer portion of the test decelerator
container also is employed to stow the elliptical flare prior to inflation.
Consequently, only the aft end of the EUREKA vehicle’s test decelerator
container is ejected in the EUREKA sequence. Only two thrusters are
employed due to the decreased weight of the ejected parts. This decrease
in weight of ejected parts can be related to the difference in weight be-
tween the Arapaho C test vehicle's decelerator container and the EUREKA

vehicle's container end cap. Figure 45 depicts the EGREKA test item de-
ployment.
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Alternate Mcthods for Test Itern Deployment

In addition to the end cap thruster methed for test item deployment, these
alternates were congidered:

1. Gas generator mortar
2. Drogue mortar
3. Ejection with three thrusters

The gas generator mortar method by which the test itermn would be blasted
out was discarded because it will require a structure that interferes with
subsequent deployment of the recovery parachute. The mortar also is
not compatil:le with the present mmeans for measuring shock and drag
loads with the tensiometer.

The drogue method employs a mortared slug to pull cut the test item.
An intermediate drogue parachute that would be pulled out by the mortar
slug may be required. The drogue parachute then would pull cut the test
item. This method was discarded because the weight of the mortar siug
and its ejection mechanism approaches the weight and size of thrusters
and the drogue parachute becomes a test item because it also has tc op-
erate in the test regime.

The use of three or more thrusters was discarded because as the quantity
of thrusters increases, both the electrical circuit complexity and the in-
put power requirements increase.

Test Decelerator Deployment Calculations

To ensure that the decelerator is positively ejected from the test vehicle,
additional energy must be imparted to the decelerator if the W/C of
the decelerator is greater than the W/CpA of the vehicle (see Figure 46).
At deployment, the W/CLA of the decelerator was determined to be
greater than the W/CpA of the vehicle as follows:

405
0.8 X 2.86

w .
{vehicle)
C D‘A“

177 psf,
while

W 45
== (decelerator) 0.1 X1.23

D

366 psf,

using

by
'

C DqA

ma ,
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"
0

(W/g)a

and

DN

¥

afg = CHaA/MW

q/(W/CLA) .

At deployment, the deceleration rates are:

£
L {
¢
£
- 3
§ %(vehicle) = —d—
i . 1000
§ 173
H
i = 5.65g;
% %(decelerator) = 1000
2 =2.73g;
5.65 - 2.73

D
oa i
1]

H

2.92¢ .

Thrusters must impart imtial velocity tc the decelerator to overcome

this differential of 2.92 g. Thrusters must act over a distance of X/D = 4
iwhere D = hydraulic diameter} to ensure that the decelerator package is
aft of the base flow region of the wake. The hydraulic diameter is calcu-~
lated by I = 'l 4A/1. From Figure 82, the area of the elliptical base is
Z.86 sq ft. The hydraulic diameter then is:

p=V 2288 _ ;54

n

dARETHEY

The total distance is then X = 4D = 7.7 f{t.
In calculating the energy required to overcome the 2.92-g differentiai for

a distance of 7.7 ft, assurning that the vehicle is a stable platform, the
initial velocity of the decelerator will be:
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V2 = zaX

V = ¥2aX

= Yz2(2.92)(32.2)7. 7)
= 37.4 fps .

The required kinetic energy input is:

2 2
. m¥V~ _ 45(37. 4}~ _ _
K.E. = 5 —32.2x2~9?7ft1b.

By applying a 100-percent margin of safety to ensure separation, then
K.E. = 1954 ft-1b.

Recalculating V for K. E. = 1954 ft-1b,

oK &
vV = "..___ZK~5:_.
. {z X 1954 X 32.2
- 45
= 52.8 fps .

After the initial 7. 7-ft separation, the decelerator package will be aft of
the base flow region and is assumed to have a Cp equal to unity. At this

time:

!

w 45

C.A 1.0 X 1.23

(._s._ ~ . 100C
D

decelerator

¢!

27.5 g,

and

405
0.8 X 2.86

( q ) _ 1000

'vehicle
= 5.65¢g.

This difference in deceleration rates indicates that separation will be
maintained.
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As previously stated, this analysis was made assuming the vehicle to be
a stable platform. An analysis nf the system that takes into account any
change in velocity of the test vehicle due to ihruster firing would result

in a kinetic energy input requirement slightly less than that obtained, as-
suming the vehicle to be a stable platform.

By using thrusterse having a 2.25-in. (0. 188-ft}) stroke and assuming that
the forces at the end of the stroke is one-fourth that at the start, the peak
force required for the thrusters is:

}; [\ E= 2 X0.188 = 1954 ft-Ib,

}
Y7 16, 620 1b .
}‘——O.IJB FY

o
n

P/4

-1

By nsing two thrusters, the peak force per thruster is 8210 1b. The
strength of the shear pin for each thruster should also then be equal *o
8310 1b to make certain that the required peak force has been generated
witnin the thruster at the beginning of the thruster stroke.

Test Iterm Retention ;

The EUREKA vehicle has the requirement that the test item be retained, b
while the basic Arapaho C did not have this requirement. As a result,

the Arapaho C released the parachute test items prior to recovery para-

chute deployment. The method employed to retain the test item must not
interfere with subsequent depioyment of the recovery parachute. Ade- ’
quate clearance must be provided to ensure that the recovery parachute ;
is not deployed into the test item canopy. The mode of retention shown ‘ i

in Figure 47 is that recommended for incorporation into the modified
EUREKA test vehicle.

Vehicle Diameter

The maximum projected diameter of the existing Arapaho C vehicie was
not exceeded in the preliminary design for the EUREKA program. The
stowage area for the elliptical inflated flare, its actuation, and its erec-

tion hardware did not require an increase in maximum projected diame-~
ter.

Data Acquisition

EUREKA Vehicle Capabilities ' ]

The EUREKA test vehicle retained the Arapaho C vehicle's capability for
free-flight test data acquisition and transmission.
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%
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]

C - TEST ITEM REPOSITIONED

Figure 47 - Repositioning Sequence
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Telemetry Data

The Arapaho C vehicle telemetry svstem was retained for the EUREKA
vehicle. Figure 48 represents a functional blcck diagram of the telemetry
system. The systern has seven information channela that provide coatinu-
ous FM data. Tables IX and X list the data provided on each channel.

TABLE 1X - FM/FM DATA

{ Voltage-
rorntrolled
Intermediate oscillator
rauge input
instrumentation Channel voltage
Data group, IRIG {(KHz) {(mv)
100-KHz timing 11 7.35 0 to 20
Static pressure 12 1¢.50 0 to 20
Differential pressure 13 14.50 0 to 29
FM/PAM (see Table X) 14 22.00 0 to 20
Vehicle aczeleration 15 30. 00 0 to 2C
Test item drag 16 40.00 0 to 20
Test item shock 18 7C.00 0 to 20

(3)

(4)

Chaunel 14 provides 18 bits of iuformation, each of which are commutated
through on this IRIG chaunel. The information is listed in Table X.

Radar Data
The vehicie has a C-band radar transporde: to aid in tracking. Track-
ing radars will be used to determine the trajectory of the vehicle. Skin
tracking will back up the beacon-tracking radar. Radar tracking will
provide the following information:

1. Vebicle altitude versus time

2. Vekicle range versus time

3. Vehicle velocity

A block diagram of the veliicle's radar beacon system is shown in Fig-
urs 49.

Photographic Data

The vehicie has two high-speed 16-mm cameras that provide color mo-
tion pictures of the test decelerator deployment, inflation, and operation.
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Volume 1
TABLE X - FM/PAM DATA (CHANNEL 22)
Segment Function measured or monitored
1 Voltage monitor, 7-v, dc radar beacon
2 Voltage monitor, Sequence A
3 Thermocouple, nose
4 Voltage monitor, Sequence B
5 Thermocouple, test item
6 Curreat monitor, Sequence A
7 Thermocouple, test item
8 Current monitor, Sequence B
9 Thermocouple, test item
10 Ready to launch
11 Voltage monitor, 28 v, dc - telemetry
12 Event marker, probe jettison final stage szparation
13 Event marker, recovery varachute test item deployment
14 Event n:arker, booster away
15 Thermocouple, test item
16 Thermocouple, test item
17 Sync pulse
18 Sync pulse

(P
'

The cameras startone second priortotestitem deployment and operate until
100 £t of film runs out. One camera runs at 200 frames per second for
approximately 22 sec and the second camera runs at 700 frames per sec-
ond for approximately 6 sec. The EUREKA vehicle can retain the same
camera installaticn as used or the Arapaho C vehicle. The 16-mm mo-
tion picture cameras, manufactured by Photo-Sonics, Inc., are equipped
with 13-mm £/3.5 lens. For the EUREKA, the field of view has been re-
stricted by the inner core of the elliptical {lare. Figure 50 iilustrates
the effect upon viewing the test decelerator. A four-foot-diameter test
decelerator is shown deployed at an X/D of five calibers aft of the fore-
bhody.

Recovery

The preliminary designed EUREKA test vehicle will retain the same re-
covery systern used on the Arapaho C vehicle. This system consists of a
9.35-ft D, recovery parachute, which is deploved at 11,000 ft, and an
auxiliary flotation BALLUTE. The recovery parachute decelerates the
vehicle to a velocity of 80 fps at water impact. Previous flight tests indi-
cate that this recovery system may not be adequate for vehicle cecovery
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SEQUENCE
TIMER
(PRIMARY)

SEQUENCE
TIMER
(BACKUP)

BEACON
POWER
7 v, DC

EXTERNAL
CONTROL

BEACON
CONTROL

RADAR SEACCN ANTENNAS

POWER
DIVIDER

RADAR BEALCON
TRANSPONDER

RADIO
BEACON

FLOTATION BALLOON

Figure 49 - Radar and Radio Beacon
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(1

in the high Mach number range of the test envelope. Redeeign of the re-
covery system was not considered in the preliminary design investigation.

The main {lotation syatem, which is activated by salt water batteries at
water entry, has performed satisfactorily in previous flight tests and will
be retained. The ultrasonic marker was removed for the preliminary
design analysis. The marker, which was used for locating the vehicle in
the event of flotation system failure, was attached directly to the tensi-
ometer beam on the Arapaho C vehicle. This placement would not be
suitable for the EUREKA configuration due to the possibility of damage
during the test item repositioning sequence. The location of the marker
will be dependent on the final design configuration. The addition of the
marker upon finalization of the design does not appear to be a major prob-
lem area.

VEHICLE STRUCTURAL ANALYSIS

Stress Analysis

General

The stress analysis of the recommended modified Arapaho C test vehicle
covers loadings imposed by laurnching, ground handling, and test item de-
ployment.

Figure 51 shows the modified sections in detail. Figure 52 is a compila-
tion of loads imposed over the vehicle by a 100-g opening shock load pro-~
duced by an imaginary test item acting through the tensiometer beam at-
tached lug. This figure also porirays the limit shear and moment dia-
grams obtained from the aforementioned loading. Figure 53 shows the
ultimate axial force and momeant diagrams for the 100-g deceleration
loading and the moment diagram for ground handling conditions. Pre-
vious test data indicate maximum recovery opening shocks in the order
of 20 g's.

An estimate of the weight of components added to the test configuration
of ADDIEP in arriving at the EUREKA configuration {to verify weight
estimate used in load calculations) is given in Table XI.

The estimated weights and cg's for various stages are as follows:

Stage Weight CG station Xcg/d
Launch 509™ 47.3 N.A.
487.97 47. 46
Despin 443.1% 52.9 5.16
Fairing off 416.47" 53.7 5.08
Cover off 390.2 59. 1 4.59
Test item out 389.97 56. 44 4.84

*Based on 45-1b test item.

+ZOvlb test item.
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GROUND HANCLING CONDITIONS (1.3 ¢S x 1.5)
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35,892
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\
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Figure 53 - Loads on Modified Arapahoc C Test Vehicle

91

|




AFFDL-TR-67-192
Volume 1

TABLE X: - WEIGHT ESTIMATE FOR STRESS CHECK ’
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tive. The weight reduction was primarily due to reduced bulkhead weight
at Station 28, due to utilization of a better load path and the decision to

jettison the ablation cone.

92

%
The estimated weight of 432 1b used for load calculation was quite conserva-

Weight Station WX '
Item (size) (1b) (in.) (in. -1b)
Test configuration
ADDPEP test (test configuration) 372.0 62.31 23,179.3
Inner shell (12-3/8-in. O.D. and
3/16 -in. thick by 20-in. length) 15. 4% 17.10 263.3
Aft ring (12-3/8-in. 1. D.. 17.32-in.
O.D., 3/16-in. thick) 7.8 8.50 66.3
Thrusters (two units plus mounting) 1.9 8.10 15. 4
New bulkhead (decreased weight only) -14. 4 31.70 -456.5 ‘
Forward ablation (remove) -9.9 31.00 -306.9 ,
Bulkheads and skin (1/16-in. thick) 11.2 21.50 240.8 |
Printed circuit boards (move aft) 0 .. -48.0 3
Riser cable extension 1.8 20.00 36.0
Coated fabric plus attachments and
stiffeners 2.9 14. 40 41.7
Inflation bottle and lines 1.5 22.00 33.0
390.2% 59.10 23,064.4
Launch configuration y
Net ablaticn (added weight) 22.9 23.30 510.7
Compartment lid 4.8 6.00 28.8 ‘
Thrusters plus attachment 3.1 6.10 18.9 ,
Test item and bag 45.0 13.10 327.5 E
Separation ring 28.0 3.40 95.2 |
Adapter 14.0 -2.00 -28.0 i
Despin gas 1.0 49.00 49.0 %
509.0 47.30 24,066.5 §
|
|
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(2) Boost Loads

The maximum vertical launch load, assuming 40 g's acceleration and a
factor of safety of 1.5, was calculated to be:

Axial Force, FA = 520 X 40 X 1.5 = 31,200 1b.

The loading of the 40-deg flange at the aft end of the test item container
is shown in Figure 54.

At the forward end of the flange. the load per inch will be:

F 5
: _ _A _ 31,2C0C _ .
F/in. = =7 = Ty = 828 1b/in.
At the aft end of the flange,
/- _ 31,200 _ + /s
F/in. = —m = 584 1b/in.

Checking the welds at the forward end of the flange of shear ioads and
assuming that the shear thickness of the weld is equal to the thickness of
the flange material, the shear stress is:

P 828

fs =X = @T%0.1873)

= 2210 psi.

Therefore, the margin cof safety for the flange is high. Considering the
forces acting in the forward attachment ring, the axial force acting on

the conical section tends to expand the section due to the Poisson effect.
This expansion produces tensile stresses in the attachment ring. Assum-
ing the attachment ring produces the only resisting force to stop this ex-
pansion, the tensile stress in the ring may be determinced by equating the
expansion of the conical section and the attachment ring. From Refer-
ence 6, the expansion in the conical section is constant throughout the
section and can be evaluated from the equation:

31200 . gg¢m v ¢ . 828
12r I 0 1375
= aisps 01875 ;
’—-— TSN e——ed
? %— |
I \'
17_'2 . 55N N~
2 01875 \}
1 :N?\
828 LB 1 4166 IN
31,200
-—i— - 58518 IN
17+
..‘

Figure 54 - Test Item Container Aft Flange Loading (Boost Conditions)
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uF,
AT = SFF tcos 8
Yy
H The expansion in the attachment ring is obtained oy.
. . fr
Ar = strain X radius = -
y

. By equating the expansion and solving for the stress in the attachment
b . ring,

b E  (0.33)(31,200)

f = St cos ® - Zn(0)(0.1875)(0. 766)

= 1902 psi .

Thersfore, the margin of safety is high.

Siresses a: the aft end of the flange will be 1288 due to the larger radius.
[ The maximum load in the conical se .tioa of the flange will then occur at
the forward end and wiil he equal t' :

828 .
cos 40 deg 1081 1b/in.
Thus,
_ 1081 _ .
fc = 1875 5765 psi .

Therefore, the margin of safety is high.

The severity of laun.ch loads could be increased by considering wind shear
and nonvertical iaanctu loads. The wind-chear loads were found to be
very low and therefore were not co7nsidered in 1his analysis. The limit-
ing case for nonvertical launch loads would be a horizontal launch. As a
conservative estimate, the vertical laurch loads were combined with the
ground handling iloads and evaluated at the forward end of the aft flange.

From: Figure 54,

Mmax = 48, 770 in. -1b (uitimate) .

For a circular tube in bending,

. Mr | Mr
1nax < Tt
therefore,
. M
fnax = 2=
¥yrt

The maxim:m load per inch iz then:
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By adding the axial force loading,

F
N . Y M
Fmaanc/m' - <2ﬂr)+< 2) )
/ nr

In considering the combination of boost and ground handling leads,

31.200 , 48, 770

o _ as _ .
Frnax/i™ = S * 5— = 828 +431 = 1259 Ib/in.
7(6)
The most critical load is the load along the conical section, which then
will be:
1259 - ™ /s
Tos 40 deg - 1640 1b/in.

The stress is the conical section is then,

_ 1640 _ .
fC = 9.1875 ° 8750 psi .

Therefore, the margin of safety is high.

(3) Decelerator Deplcyment Lozds
Considering the decelerator deployment shock loads, the critical portion
is the attachment required for the splice 2t Station 28 of the tube with a
12.31-in. O.D. and a 0.312-in. wall thickness, therefore:

Shear diameter = 12.51 - 9.312 = 12 in.

Using the ultimate critical loads and moments from Figure 54, the locad
at the maximum stress point will be:

F___/in P ., M _ 51,893 f45'5;4 = 1376 + 402 = 1778 1b/in.
7 (6)

max 27r UrZ 2m(6)
Two rows of 24 rivets (1/4 A17ST) per row have an allowable load of

2 X 1:50 = 1974 1b/in. (ultimate) .
12(53
Th.u’:)
1974 . _ 1
M.S. = 3323~ 1 = 0.11
a5

i, Deiathishiin b
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The critical loading in the tensiometer beam will be imposed by the test
item opening shock. The shear and moment diagrams for the beam un-
der these conditions is shown in Figure 55. The stress analysis of the
beam is shown in Figures 55 and 56. The critical loading on the beam
support fitting also will be imposed by the test item opening shock, The
shear and moment diagrams and stress analysis for the beam support
fitting are shown in Figure 57. The beam support fitting also is used to
tether the recovery parachute riser line. The load imposed by the re-
ccvery parachu:2 opening shock will not be as severe as the loads im-
posed by the tes: item opening shock.

The test item container cover was analyzed for two loading conditions.
The first condition ccnsidered the lcad impored by acceleration at launch
and is shown in Figure 58. The second condition considered loads im-
posed during test item thruster firing. For test item deployment based
on the estimated energy available in the powder charge (one-half the
amount used in each of the three thrusters for the ADDPEP C vehicle),
each thruster was assumed capable of a 10, 000-1b thrust load for design.
The stress analysis for this loading condition is shown in Figure 359.

The results of the stress analyses presented in this section indicate that
structural integrity will be maintained in the modified vehicle.

Mass Properties Data

The calculaced weight and balance data for the EUREKA vekicle are pre-
sented on Tables XII through XV. These weights differ slightly from the
estimated weights used for the stress analysis. The stress analysis es-
timated weights are greater and therefore conservative.

One of the design requirements is that the vehicle weight at initiation of
test deceleration deployment shall be less than 450 1b. The calculated
weight indicates the vehicle weight will be 416.47 1b, which is well be-
low the specified limit.

INFLATABLE APPENDAGE DESIGN

Decign Considerations

The basic design task from which the inflatable flare assembly evolved
had a variety of complications due to geometric constraints and the se-
vere environment to which the inflated flare would be exposed during

high Mach number, low-altitude flights. The basic objective of the ap-
pendage design effort was to develop a inflatable unit that would duplicate,
as nearly as practically possible, the aerodynamic geometry of the flare
tested in the WT-IIA wake survey series. Results of this wake survey
test showed that the flare simulated the wake of the "target"” blunted ellip-
tical cone vehicle. In the deflated state, the flare was to be packageable
in a minimal available volume that could not be enlarged by extending

the external geometry of the test vehicle's launch cenfiguration.
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777777717,

139,720

T
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7777777

N
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NOTYTES:
1. ALL DIMENSIONS ARE IN INCHES. °

2. DUE TO THE SYMMETRY OF THE BEAM, THE TABULATED 2
PROPERTIES REPRESENT ONLY ONE-HALF OF THE BEAM.

td,—-., 375—‘0-{ AN

PROPERTIES OF SECTION A~ A e
o.zs—.ﬂl ’
. N 0.23 278
)
A 4 ad A& °, N
ITEM 15Q'IND ) GNa | teu INg T TR 0.2¢ \ i l
'0) 0.381 2.872 0.9379 | 2.8060 | 0.0883 3 " e .
1031 1.404 f

6] 0.258 0.318 | 0.1328 | ooes¢ | 0.0231 028

©O) 0.281 0.373 0.1034 0.0295 | o0oc1s 0.94 DIAM ’
TOTALS 0.8%0 1.1761 2.8139 | 0.0831 A
- _ 14731

= = i1.320
X = 2890

2 -
Loy ® {2.6130 + 0.0031 - 0.890 (1.321°F =2 = 2.288
- Mo | 159920 x 2,934 |, 4y pes
b ) 2.288
MATERIAL IS 190,000-#S1 H.T. STESL,
180,090 }
" s =22l Ly = 0.0 L.

MARGIN OF SAFETY = (=i s

Figure 55 - Tensiometer Beam Stress Analysis {Section A-A)
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.
NOTES: ]
1. ALL DIMERSIONS ARE IN INCHES !
/BN, t :
. 2, EACH LUG i$ LOADED BY 13,040 LA {(ULTIMATE), 1
]
2. THE THICKNESs AT THE LUG EMD OF THE TENSIOMETER SEAM H
13,040 LD WAS INCREASED FROM 1/4-(N. TO 3/8-tN. AS A RESULT OF THE ;
BEA STRESS ANALY31S. THI3 INCREASE IN THICXNESS 1S NOT {
SHOWN ON THE PRELIMINARY DESIGN DRAWING. :
; ®
i 174-IN. ¢
3
:

—pnd 0.40

~

pp—— 1.00

e

SECTION 2-2

s

| "

0.40(13,040) = 3216 IM.-LB

. pe

;= b _ parsio.an)’

12 Pry = 0.0160

v R21i8 x O..
'b”;- $ X 0:40 _ 130,400 P31

£

LIRSV A0 Ny AN R CUGT

SECTION 3~3

13,040 IN-LB FOR EACH LUG

=_Nl:o.zl-m’

12 1z = 0.187

!‘7"- - 10088 % 1.0 _ oy 700 Le/in.?

-
"

SECTION 4-4

M " 13,040 x 2.0 = 23,040 !IN.-L® EACH SIDE

- 3 _ 3
= = (28 (9.92)° _ 0.440
12

Mc _ 26,040 x 1.4 _
T - 0.480 = 82,900 PS)

o
"

Figure 56 - Tensiometer Beam Stress Analysis (Sections 2-2, 3-3,
and 4-4}
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RIS AREIEREE
- A ‘
j
252008 13,040 LB 6.520L8
13,0008 1349 LB
13,000
6,520
/ /la[zaaa/ SHEAR (L8)
(0.5 x 0.32 IN.) 7T 737
25 %12 M0 o °7N,~.0.6‘o+o-o_g-— o.62 !
N 11,25 x 0.7 IN.
e / >
1
13,642
13,040
4 8.305 -
- /
/7 ;
f /1 ///// / // y WOMENT UIN. L8}
SECTION A - A

PROPERTIES OF SECTION A~ A

A d Ad ad? ‘o,

1TEm 15Q IN.} ang | o | oanh | o

0] o875 0.350 0.306 0.107 0.036

®@ 0160 0.720 2138 0.003 £.01

[€)] 0.300 0.600 0.160 0.10% 0.036

TOTALS l 1398 0.501 0.298 0.07%
¥y = .o-ﬂ = 0.450 iN.
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Lo = 02 0.073 <1535 (0.5 = 0.100 W*

AT SECTION A - A, THE WAXIMUM STRESS WILL BE

e 13642 x 0.75
£ = —=z = 101 Pst
b7 .10t 60
'c = 145,000

Y

MATERIAL. 1S 150,000 PSI H.T. STEET

145,000

THEREFORE M.S = T0v.600 -

t = 043

BEARING STRESS iN LUG WILL BE:

(= P/A = = 73,00 PS!
br

THE SHEAR OUT OF THE LUG WiLl BE:

13,00
2 PR T e = 30,600 St
= PR 2 seom

MATERIAL IS 1SO000 PSIH T SYEE. " - 45 200

95,0C0

£ S MS, = ¢35
THEREFORE, M.S b

Figure 57 - Beam Support Fitting Stress Analvsis
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X I PRTERY AT e s

P I Y TSR Ao RV

MAXIMUM ACCELERATION = 42 G'S x 1.3 = (3 G’S (ULT(MATE)

ESTIMATED WEIGNT OF COVER = SLR

Y A TR

ESTIMATED WEILHTY CF TEST ITEW = 43 L& (HIGHLY CONSERVATIVE)
THRUSTER PISTONS = _3LB
83 Ly (TCTAL!?

: ULTIMATE LOAU ON THRUSTER SHEAR FIMS

3 {TWC 1w SOUBLE THEAR] = 33 L8 x 63 G'S = 3338 LB (ULTIMATE)

% DOUSBLE SHEAR ZTRENGTH OF ONE PN (2/32 - 1020 STEEL} = 2630 L8
o

& THEREFONE, M.5. = ;—':%;— -1 = 0.87

{Launch Conditicns)

% Figure 53 - Tect Item Container Cover Stress Analysis
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AMNALYS!IS OF THRUSTER RETAINER (HEADER BLOCK!
SECTION PROPERTIES AT ¢
2 [}
size A 4 ad Ad we
ITEM (N} 5Q IN) (N ) (Cuin) uN Y
@ (HEADER BLOCK) S8~ 114 0.7812 0 3128 0.2441 0 0763 00254
@ (CHAMFER) 14 x 178 ~00625 | 0 %00 -0.0312 | -00156 | -0 0003
Q@) (naALF CIRTLE! 34 ~0.2209 0 1592 -0.0352 -06.0056 -0 0022
TOTALS 0.4978 © 1777 © 0851 0 0229
T 20177 ey
C 4978
| -0 25}-:—
2 s PO S
Iya & 00551+ 00229 ~0.4978 (0.357)" ° COM6IN 0 25 ——'_r—
p)
{ 0 625
BENDING MOMENT = 1 N x SOR0 LB = SO000 IN-LB 2 75 DIAM ‘
REF o J
f. = Me = M = 122.200 Fsi ——— et 28
b ) C 0146

THEREFORE, M.S =

MATERIAL IS 150,000 PSI1 H T. STEEL
150,000
122,300

-1t =023

ANALYSIS OF GUSSET SUPPORYT FOR THRUSTER ATTACHMENT

SECTION FROPERTIES

NA

{ . Mc _ B.000x1.26:
b7 0.2651

° THERESORE,. M.S =

¢ = 0.7895 + 0.0199 ~ 1.068 {0.7X

BENDING MOMENT = 081N > 10.000 L8 = 3 000 IN -L.B

42.000
38,000

4 ad? Iy
A d A 4 :
ITEM (SQ IN.) (IN., (CuU IN)Y (N ™ an S

O] 0.380 0.095 0.0361 0.0034 00011

® 0.688 1.095 0.7534 © 8250 co1es

TOTALS 1068 ! 0 7895 0 8284 0599
|._____2 IN _—..i
72283 5oy
2.973

LAV

4
E - 0263 IN.

—— 0 19 1N

= 3.0 °S:

K\ MATERIAL IS 806176 ALUMINUM I

' =01 SECTION A — A (FROM FIGURE 59!

Figure 59 - Test Item Container Cover Stresa Analysis
{Test Item Deployment)
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TABLE XII - EUREKA FLIGHT VEHICLE WEIGHY'/BALANCE

VARIATION WITH PROGRAMMED SEQUENCING

Weight x Mx
Item {1b, calculated) (in.) {in. -1b)

Launch configuration 487. 47 47. 456 23,134.5

Less booster adapter -14.00 -2.00 +28.0

Less deceleration brake -28.00 3.38 -94.6
Booster separation 445, 47 51.78 23,067.9

L.ese despin gas -1.00 49.08 -49.1
Test vehicle despin 444. 7 51.79 23,018.8

Jettiaon flare cover and

thrusters -28.900 ... -655. 4
Appendage inflation 416.47 53.7¢ 22,363.4

Less test item -20.00 15.00 ~300.0

Less container dome -6.50 8.00 -52.0
Decelerator test 389.97 56. 44 22,011.4

Less tensiometer beam -7.38 25.20 -208.5

Less tether -0.70 19.50 -13.7
Reposition test item 381.89 57.06 21,789.2

Less recovery parachute -7.98 34.44 -274.8
Recovery parachute deployed 373.91 57.54 21,514.4

Less probe assembly -74.61 90.3 ~6, 737.3
Terminal descent 299. 30 1 49,37 14, 777.1

L.ess flotation canister -5.60 81.78 -458.0
Flotation 293.70 48.75 14, 319.1

TABLE XIII - WEIGHT AND BALLANCE COMPARISON OF
BASIC C AND MODIFIED C
w % M
Item {1b) {in.} {in. ~1b)

EUREZKA {launch configuration) 487,47 47. 46 23,134.5
Basic C (iaunch configuration) £37.20 46.15 24,791.8
Items removed -213.91 -4, 003.9
Items added 164.18 | 2,346. 6
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Velurne 1
TABLE XV - WEIGHT/BALANCE SUMMARY,
ITEMS ADDED IN REDESIGN
w x Mx

Part number Item {1b) {in.} (in. -1b)
M479-1 Switch and nut 0.5044.2 22.1
PTO07A22-55S| Connector and bracket 0.15]44.2 6.6
121EN27-2 Switch 0.15( 7.0 1.1
580A020 Beam 7.38125.2 186.0
5804030 Beam hinge bracket 2.56125.7 65.8
580A030 Aft ring container support 7.68| 8.7 66.8
580A030 Test container shell 15.75]17.8 280. 4
58CA030 Test container dorme 6.50| 8.0 52.0
580A030 Microswitch bracket and actuation tabl 0.19} 9.0 1.7
580A030 Terminal boards 2.40(19.0 45.6
5804030 Tether cable assembly 0.70]19.5 13.7
580A030 Forward ring 7.58127.5 208.5
580A030 Shell thrusters (2) 4.00(26.0 164.0
580A030 Dome thrusters (2) 4,00 7.0 28.0
530A030 Flare cover 22.00(22.7 499. 4
580A030 Thruster support brackets 2.00(26.0 52.0
580A031 Inflatable appendage 15.32(. . . 293.4
580A031 Appendage pressure equiprnent 3.32). .. 52.¢
580A031 Booster adapter 14.00(-2.0 -28.0
580A031 Test item 20.00115.0 300.0
580A031 Drag brake 28.007 3.38 94. 6

Totals 164.18 2346.6

Materials were selected that czuld be coated to retain internal pressur-
ized gas, while withstanding the effects of aerodynamic heating, yet
which were compatible with high density packaging requirements. A
pressurization subsystem was designed that provided for preinflation
gas storage as well as redundantly activated flare inflation at a pre-
programmed time along the flight path. External filling raeans were
provided. A mating of hard structure and flexible materials were ac-
complished to create a modular flare asserably that is easily removed
for access to vehicle mounted components of other subsysterns located
in the same sector of the airframe. The unnatural target inflated shape
was accomplished by strategic location of a minimum amount of rigid
structure integrated into the assembly.
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(1)

(2)

Design Approaches

< A Ce Pl S e RATIRIO ISP B S oS

The different approaches considered in initially designinz the inflatzble 3
appendage are shown in Figure 60.

Selected Approach

The version selected for more intense analysis was a simplified com-
promise structure that eliminated the need fcr internal webbing. Not
only did this structure enhan~ze packageability, it also eliminated the
lobed surfaces that digressed from the clean aerodynamic flare tested
in the wind tunnel series. The selected design ic shown in Goodyear
Aerospace Drawing 580A031 (Appendix V), included as ar attachment
to this report.

Flare Stress Analysis

(ieneral

The flave stress analysis was governed by the design constraints im-

posed upon the inflatabie flare skirt assembly in flight, along with the

requirement that the desired shape be maintained while inflated Jduring

the test period. In particular, the analysis substantiates the selection

of materials and methods for structural support. The configuration

analvzed was that shown in Goodyear Aerospace Drawing 580A031 in -
Appendix V,

The design loads were obtained from the pressure distribution informa-
tion supplied in Item 3. a of this section and the flight envelope shown in
Figure 1. From these sources of information, the critical pressures
shown in Table XVI were calculated.

Analytical Approach

The stress analysis of the skirt is first of all concerned with determining
the stresses in a pressurized frustrum of an eiliptizal cross section.

The frustrum, though tapered, is not conical, since the meridional eie-
ments do not meet in a common point. An external dynamic pressure
distribution occurs that gives a maximum positive pressure at the ends
of the major axis of the ellipse and is a function of the taper angle, 5,

of the meridian.

Since the skirt is a membrane except for two metal! sheets of a symmetri-

cal pattern at the extremities of the minor axis, the elliptical shape is

maintained only at the bases of the frustrum, where it is fixed at the

small end, and restrained at the other end by an array of tubular mem-

bers intended to keep the base plane approximately flat. The center of

thz volume of the frustrum is a cylinder approximately equal in diarae- ..
ter to the minor axis of the ellipse at all cross sections.

The stresses in an elliptical cylinder with no center post are given by
Stein in Reference 7, but only the hoop stresses are applicabie here.
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VERTICAL INTERNALLY WESSBED STRUCTURE WI7H LOBED SUNFACE

HORIZONTAL INTERNALLY WEBBSED STRUCTURE WITH LOBED SURFACLS

WARPED RADIAL INTERNALLY WEBSSED STRUCTURE WITH LOBED SURFACE

_—

LONGITUDINAL INTERNALLY WEBBED STRUCTURE WiTH WEBS PARALLEL TO CENTRAL AXIS

—

LONGITUDINAL INTERMALLY WEBRED STRUCTURE WITH WENS PARALLEL 70 SURFACE MERIDIANS

Figure 60 - Inflatable Appendage Designs
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(3)

Solution for Hoop Stress

In a circular cone {with no center support),

T
fh ~ cos

and

f e r .
e o COS8

It was assumed, for purposes of preliminary analyses, that the stresses
in an elliptical cone are related to those in an elligptical cylinder (see Fig-
ure 52) in the same manner; i.e.. the stresses ar= increased by the fac-
tor sec R. However, a dcfinition of 8 was needed; therefore, B8 was de-
fined as tan B8 = a/d.

From Figure &1, the generator, ¢, can be seen to lie in a radial plane.
£iso, from Figure 62,

x=3sad, (15)
y = %cassﬂ, (1€)

and

d ————a —-bra— o

Figure 61 - Longitudinal and End Views of Elliptical Frustrum
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(ro + a.)2 = xz +y2
o2, ,.0n 2
= =5 sin” ¢ + = cos ¢ . (17)

At the large end, b/2 = 15.40 in. and, n/2 = 8.50 in. Therefore,

2 o 237sin’ d +72.2 cos? 4. (18)

(ro + aj
Varying ¢ in increme' s of 10 deg resuits in the trigonometric values
shown in Table XXI, >ndix 1I, for the various functions of §. With
the values for the fu ons of ¢ established, the values for 6 were de-
termined. From Goo., ear Aerospace Drawing 580A031,

5.45 in. — = 1.812

2]
[

d = 29.83 in. d 889.8

n
1}

Using the same measurements of 10 deg for ¢, Table XXII (Appendix II)
was generated to arrive at corresponding values of 0.

Continuing on with the arithmetical process, values ior then were deter-
mined for iC- “eg incremental values of §. These are shown 1n Table
XXI1II of Appendix II.

If Equations 15 and 16 are differentiated, then

dx

g-cos g da¢d ,

dy = -%sinddd.

and
dy _ _h
= p tan ¢ . (19)
By definition,
izhtand:tane (20)
y h ’
80
tan ¢ = %tan )
and
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{4)

2
%=~§-2—tan0=tana. (21)

Tables XXIV arnd XXV (Appendix II) are a continuation of the trigonometric
calculations employed in tiie determination of the hoop stresses. Table
XXIV was obtained by interpolating approximately between h/d = 0.5 and
h/b = 0,75 from Stein (Tahies 3 and 4, pp 23 and 24, Reference 7). Ta-
ble XXV was obtainecd by interpoiating from Table XXIV for values of ¢

in 10-deg increments. As f was varied from 0 to Y0 deg, the data in Ta-
ble XXV indicated that the hoop stress, f},, will be a maximum at g =

0 deg and will be a minimum at = 90 deg.

The required pressure to maintain a positive oressure differential is,
for Condition 3 of Table XVI, equal to

P = 454 + 337 = 791 psfa = 5.5 psia,

and referring to Table <XIV, the maximum hoop stress at the ends of the
minor axis is

f = 8.55p.

h

At this point of maximum hoop stress, there is a solid metal sheet, the
stress does not change very rapidly with 4, and the metal extends only
about 1.8 in. laterally from the minor axis. It is therciore only slightly
conservative to take this as the maximurn membrane stres.. For p =
5.5 psi, f; = 47.0 b/in.

The fabric sirength in both warp and fill at 600 ¥ has been found to be
118 Ib/in. (HT-72 Nomex). With a factor of safety of 2.0, the minimum
margin of safety in the fabric is

118 _ . .
T0X32 1 = 0.25 (hoop direction) .
However, the temperature at the point of this maximurn stress is ac-
tually much less than 600 F, thus the margin of safety vomputed above
is conservative,

Meridian Stress

The maximum meridioral stress obviously occurs at the ends of the major
axis in the base plane. The load, R,, iz calculated at this point as 1.99
times the differential pressure, and is distributed over a 2.2-deg arc.
The radius of the major axis 2t the base plane is 15.4 in., therefore the
loas is distributed over a lengta of

2.2 \ _ .
15. 40 (*5—773-) = 0.592 in.

The angle between R, and {,,, i# 29 deg, so that the maximum meridional
stress, fm’ is {for p = 5.5 psi):
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5 fn = 0.592 cos 29 deg 21.1 1b/in. %
. ]
i This maximurmn meridian stress is less than the maximum hoop stress H
; calcuiated previcusly. The conditions half-way between the ends were .

of interest because the maximum deviations from the desired shape were
expected to occur there.

As an approximation, it was assumed that the pressure differential 1s
constant «nd also that the meridional stress does not affect the shape, so
that a simple two-dimensional analysis was possible. The fabric will as-
sume a circular cross section except where restrained by the metal side

plates. The length of the original elliptical arc is needed. From Red-
dick and Miller (Reference 8}, the circumference of an ellipse is

L = 4bE(k) (22) Ty
where

b = major semiaxis, and

k =¥b% -vJ /n

At the midsection shown in Figure 62.

S SwTa h H e el Rt S o b WAL W em wmaad

NOTE: L QSE—

DIMENSIONS ARE IN INCHES.

g |

18.2
f ‘ ..
y = 60 DEG J

P 4.82 el

1C.92

Figure 62 - Cross Section of Midpoint of Elliptical Frustum
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b 15.40+46.43 _ 21,83 000
2 z :
h:i—s.g_;.__s_ﬁiz 8.56 in. ,
K - Vio.922 - 8.562 _ ¥109.3 - 73.3 _ 6.00 _
= 5756 = 856 - 8.56 -
and
sin_1k= 40.2 deg .

From Dwight (Reference 9), E(K) = 1.391.
For a quarter ellipse, the arc length is:
10.92(1.391) = 15.2 in.

From Figure 63, then:

<y
.—--+ = 1 N
212
b2y? = bPh% - hex% = he(b% - x%)
2 B.56% 2 2 73.3
yo o= = (10.92° - 5.4%) = 555 (109.3
10. 92 .
_73.3(80.1) _
= ——(———1109-3 = 64.2

Y = 8.01 in.

Arc lengths = 15.2 - 5.5 = 9.7 in.

0.701,

- 29.2)

If this length becomes the arc of a circle, 9.7 = Ry and 8.0C1 =

‘—)L-I‘: g—hz-ﬁyoro.SZ()y = sinvy.

Trying y = 1.047, siny = 0.866, and y ¥ 60 deg; then,

R = 125mx = 9.27

or average = 9.26 ;
R = 523 = 9.25
112
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Volume
8.0](cot 60 deg) = 4.62,
5.4 -4.62 = 0.78,
and
0.78 +9.26 = 10.04 in.

(5)

Deflection = 10.92 - 10.04 = 0.88 in., or, normal to the meridian,
0.88 cos 13 deg = 0.835 in. This is the largest deflection that can oc-
cur with a uniformly distributed differential pressure and, assuming
that the higher pressures at ihe ends of the major axis are countered
by the effects of the end restraints, is a good first approximation to the
actual deflection.

If the length of the meridian is 21.4 in. and the deflected meridian is
assumed to lie along a circular arc, the angular deflection, §, is ob-
tained from Reference 10.

21.4 5
| =S —
0.83% = tan4 s

tan !2_6_)

T = 0.0780 ,
3 .
> = 4. 45 deg ,
and
d = 8.9 deg .

Here, § is the angular change at either end of the skirt. At the aft (large)
end, an increase in temperature and stress will result, but probably not
so great as to reduce the minimum margin of safety, since the maximum
stress at the end of the major axis is much lower than the maximum at
the end of the minor axis, which is not affected. If proved necessary in
detailed design analysis, some local increase in thermal coating thick-
ness could be made as deemed fitting.

Base Supports

At the "flat" end, the shape is maintained by small aluminum tubes spaced
2.2 deg apart with center lines intersecting at a ccmmon point. The long
est, and most heavily loaded of these, iies in the plane of the major axis
of the elliptical cross s-_..un, but is inclined to the axis plane by about

11 deg as shown in Figure 63. The tubes are simply inserted in pockets
in the fabric, Mechanical stability is maintained by the outward pres-
sure of the inflation gas, so the rods can be treated as simply supported
beam columns. The longest tubes are assumed to be 0.25 in. O. D. with
an 0.03-in. wall of 6061-T6 aluminum allov. Let
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g..;iz
%
- 15.40
| 7.48
1 I
H 1 [ NOTE:
% DIMENSIONS ARE iN INCHES
! -
? 1 OEG R° TAN 29 DEG
£
i 29 DEG
¢ ! g,,
g Ry R T
-.% ROICOSZQ DEG 1
] L
;
{ Figure 63 - Base Support Loading Diagram
% E =10 X 106 psi
y
and
(r04 = r14) 4
3 I= — = 0.785(0.000244 - 0.000083) = 0.000126 in.
S
1 If the angle between rods is 2.2 deg,
i} 2.2)  _
i Wo- 15. 40 t7 3 P = 6.592 .
é: For the maximum length,
£
E w, = 7.46%2% ¢ - 0.287p;
: - ) .
2 Ri - (;...85(8.& +10.592 60.287,p(§. ) _ 1.163p +0.412 p
= 1.575p;
R = 0.‘592 p(8.1) _ 0.305p(8.1) =2.40p-0.412p
o 2 6
= 1.99p.
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Check as foliows:

{ y G §
(0:592 +0.28T) ), . 0:BT9B-11p . 3 56,

Ro tan 29 deg = 1.99p(0.565) = 1.125p ~ axial load, P.

Assume limit lozd p = 5.5 psi; with F.S. = 1.5, p = 8.25 psi.

From Niles and Neweil (Reference 11, pp 92 and 96):
N R
M= C, sm3-+ C, cos 7 + fiw) , (25)

using Cases 5 and 6 {or Cases 2 and 6). The maximum momenc is not at
midspan, but is very nearly so, therzfore X is assumed to be L/2:

wit W,
c, = e - E, (26)
tan -~ £in -
]

C, = -W. i 27
2 P {
W-.J:X
flw) = lez(l - 3:-) + (28)

£
"

e
(5]
0
N
o

and

=
"

0.287p.
Since p = 8.25 psi,

2 _ EI _ (10 x 10°(0.000126) _ 136
JF P T TT{IT125)(8.25) = e

j = 136 = 11.56,

(0.592)(8.25){136) _ (0.287)(136)(8.25) _ ,

c. = 95 ,
1 tan 8.1 sin 2.1 3
11.65 11.66
CZ = -(0.592)(8.25)}(136) = -654,
£ = p 161 =
fow) 332 + 16 493,

and
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M = (zqs)sin(ﬁ:%%) + (-664)cos (ﬁ‘—%%) + 493

(1)

(295) (0.340) + (-664) (0.940) + 493

100.3 - 624.2 + 493
= 31 in. -1b,

To obtain the bending stress,

mr

_ o 1.125P
ftie =1+ z (29)
Tr 'ﬂ'l‘l

and

(31)(0. 125) + (1.125)(8.25)

max = (0.00125) 3 y400.125)% - 3. 14(0. 95)°

N
|

30,700 + 450

31,150 psi .

The compression yield strength of 6061-T6 tubing [from Reference 12,
P 3.260(b)] is 34,000 psi. The margin of safety is:

M.S. = 25900 ., 4.09.

T 31,185

There are soms rods V.18 in. in diameter, but the iongest of these is
about 4.0 in. Tkie axial component is also reduced by a smaller taper
angle of the skirt element at the side:

[ - 9.785(0. 184 - 0.15% _ 0. 785 (0:001050 - 0. 000506)
= 18 = 0. T3
= 2000227 - 0.0000267 in. *

or 0.212 times I for the 0.25-in. rod. Since the length is less than half
the longest cne checked above and both axial and distributed loads are
smaller, it is unlikely that this tube is critical.

Materials Inve stigation

Material Considerations

In accordance with the critical heating analysis in Item 3, ¢ of this sec-
ticn, the HT-72 fabric selected therein was evaiuated, prior to construc-
tion of the full-scale sectional mockup, in order to verify its suitability
for use as a construction material in the EUREKA appendages. Consid-
erations were given to the material's workability, coating compatibility,
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adhesion characteristics, sewability, permeability, and strength. As
indicated in Figure 35, the appendage surfaces are coated with Dow-
Corning 92-007 silicone. For cloth-to-cloth and cloth-to-metal seams,
Dow -Corning 92 -0)8 adhesive was selected as being most suitable in
combination with the coated Nomex cloth.

The cloth is rated by its rnznufacturer to have a room temperature
strength of 397 1b/in. warp and 385 1b/in. fill. Its ratec weight is 8.67
0z/sq y¢ for the 5.9166-in.- gage material selected. The coating selected
(and the adhesive) were room-temperature -vulcanizing silicones, readily
applied by manuzl brushing,and had faborable characteristics in the flare
fabrication effort.

Preparation Procedures for Laboratory Testing

Segments of the HT-72 fabric were coated with the 22-007 adhesive sub-
sequent to treatment with A4094 primer. Four coats of the thermal-~
resistant silicone were applied to the representative exterior surface
and two coats to the inner surface. A check subsequent to curing in-
dicated cumplete lack of coat-to-coat adhesion. Other samples, coated
in a multitude of different ways, exhibited no such deficiency. A review
of the coating application history of the initial sample revealed that there
was a period between coats during which the surfaces were exposed to a
collection of grease, dirt, and dust contaminants. As a resuit of this
discovery, the fabrication procedures now specify cleaning all silicone
surfaces with acetone between coats if sufficient time lapses for a cure
to start.

Initial seam samples, employing the 92-018 adhesive, failed seam-
strength pull tests. Dow-Corning Corporation suggested that the high-
gloss 92-007 adhesive surface be buffed prior to adhesive application
They also recommended that the 92-018 adhesive be thinned and applied
directly to seaming surfaces, in lieu of the 92-007 undercoat, to achieve
greater seam strength. Also prcvided was a reference related to metal
surface preparation prior to mating with fabric.

Labcratory Testing Results

Table XVII presents th2 results of high-temperature strength tests made

TABLE XVI « SEAM/CLOTH TEST RESULTS

W_T_—————# e e ——
Itemn Coating | Adhesive | Temperature (F) | Strength (Ib/in.)

Seams 92 -007 92-018 390 92

Seams 92018 92-018 300 141

Cloth (warp) 92007 . e e i 600 118

Cloth (fill) 92 -007 l e v . 600 118
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prior to fabricating the flare mockup. Sampgles of material coated to a
4-to-1 exterior-to-interior thickness ratio were sewn and exhibited

excessive machine drag such that stitch-spacing control was impossible.
Samples coated to a 1-to-1 ratio proved compatible with machine sewing.
From those samplings, it was daterm®~ < that coatings in excess of the
1-to-1 ratic would have to be applied » zquent to unit fabrication.

Permeabilily tests on representative coated samples (performed on the
Cambridge permeameter), with helium as the test gas, recorded average
rates (unseamed cloth) of 7.3 liters per square meter per day. Subse-
quent to completion of the laboratory testing, a full-scaie mockup was
constructed. The evuluation of that unit is presented in Section V.

AUXILIARY EQUIPMENT
Refurbishment

The Arapaho C vehicle refurbishment parts list resulting from the modi-
fications required for EUREKA is shown in Table XVIIl. The EUREKA
modifications have not appreciably affected the refurbishment require-
ments. Refurbishment time and costs have not been increased for the
EUREKA Arapaho C test vehicle as recommended in this report.

Aerospace Ground Equipment

The assembly, test, and checkout equipment utilized for the ADDPEP
Arapaho C vehicle can be employed with minor changes on the EUREKA
modified Arapaho C vehicle. The vehicle handling dolly will require a
modification to permit installation of the packaged skirt assembly and

the flure cover onto the vehicle. The checkout panel will require a modi-~
fication to incorporate provisions to check out the added sequence events
for flare ejection and skirt inflation. Table XIX lists the aerospace
ground equipment (AGE) requirements.
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TABLE XIX - AEROSPACE GROUND EQUIMENT LIST

Item

Manufacturer

Mode! "
number a

Telemetering indicator
Telemetering indicator power supply
Discriminator board selecter
Discriminator power supply
Differential dc voltmeter
FM receiver

Voltage regulaior transformer
Decade capacitor box
Multimeter

Oscilloscope

Plug-in unit

Plug-in unit

Plug-in unit

Plug -in unit

Oscilloscope cart
Two-channel recoruer

DC amplifier

Isolation transformer
Megger

Audio oscillator

DC power supply

DC power supply

RMS voltmeter

Wattmeter with five watts
Ignition circuit tester
Differential dc voltmeter
Pneumatic test panel
Battery test

Test console

Cable assembly

Cable assembly

Frequency counter

Decade resistiance box
Multimeter

Telemetry tester
Oscilletor tester
Dolly

Panoramic Electronics
Panoramic Electronics
Data Control Lab

Dara Countrol Lab

John ¥. Fluke

Cornell Dublier
Simpson

Tektronix

Tektronix

Tektronix

Tektronix

Tektronix

Tektronix

Brush Instruments
Brush Instruments
Allied

Biddle

Hewiett Packard
Sorenson

Sorenson

Ballantine

Bird

Allegany Instrument
John Fluke
Goodyear Aerospace
Goodyear Aerospace
Goodyear Aerospace
Goodyear Aerospace
Coodyear Aerospace
Berkeley

General Radio
Simpson

Goodyear Aerospace

Vector
Goodyear Aerospace

TMI1-1A
TMP-1A
GND-2
GFD-2
801

CDAS :
260

531
53/54B
CA

D

538

500
BL-202
BI-928
PT62080

200CD
MR3215
MR3215
320A

43

101-5BF

801

530A002 -065
2
530A004-001
530A002 -059
530A002-070
554B

1432M

260
530A004-030
OVR -1

(Reverse is blank)
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SECTION V "
FULL-SCALE MGCKUP
1. CONTRACT REQUIREMENTS

In accordancs with contractual requirements, a full-scale mockup of the
recommrernded modiiied section of the test vehicle was constructed to
demonstrate the feasibility of the approach and to preclude major assem-
bly and actuation interierence problems.

OBJECTIVES

The completed mockup, fabricated to Goodyear Aerospace Drawings
580A(30 {Sheets 1 and 2 of Appendix V) and 580A031 (Sheets 1 and 2 of
Appendix V), was inspected and evaluated for:

l. Proving installation feasibility and basic dimen-
sional alherence

2. Demonstrating fairing separation, flare deploy-
ment, ard inflat‘on characteristics

3. Indicatiag acninterference during manual se-
quencing tc the point of recovery parachute line
stretch

4. Exhibiting accessibility to all components requir-
ing prelaunch checkut

W

Evaluating rnajor assembiy and actuation interfer -
ence proble‘-

COMPLIANCE ASSURANCE

The completed vehicle mock L was evaluated asing th2 checkoff list
shown in Appendix III. The prciiminary mockup drawing was not re-
visea since the design was frozen and,in a few minor instances (such as
despin plumbing). the final mockup assembly differs slightly from the
preliminary drawing. The design deviations are noted in the footnotes
to the iist in Appendix III. Where possible, photographs were taken to
document the mockup configuration and are presented in Appendix IV.

MOCKUP PROBLEMS AND NECESSARY CORRECTIONS

Vehiciz

Despin Nozzles

The method used to run the nitrogen from the fixed nozzle to the flare

cover requires further work. The nozzle extension must not leak and
yet be easily removed during flare cover ejection so that it will not

123
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(2)

{33

imgpair flare cover ejection. More development work is required to find
a tight quick -disconnect fitting.

Two alternatives could be given further consideration and would elimi-
nate the need for any removable nozzle extension (see Figure 64). The
alternatives are as follows.

1. Relocate nozzles to aft end of test item container
section.

2, Change sequence to remove flare cover prior to
despin. The nozzles then need to extend only to the
outer edge of the skirt assembly.

Relocation of the nozzles has the following disadvantages:
1. Increase in length of plumbing

2. Location of nozzles in the area of booster separation
shaped charges

3. Increase in distance of despin plane from the vehicie
cg, which increases chances of flat spin if any un-
balance cof reaction jets occurs

Changing the sequence so that despin will occur after flare caver re-
m~vasl eliminutes the protection to the uninflated skirt _ssembly during
despin. Of course, the skirt also could be inflated prior to despin, how-
ever, the vehicle despin characteristics would be changed with .he skirt
infiated. With the skirt inflated, the vehicle also has more drag and its
capability of achieving rhe test point would be reduced.

Electrical Component Thermal Protection

The aft section (also .he test item housing) is used to mount electrical
sequencing circuit compoiient boards and wiring. If the inflatable ~kirt
asgsembly is destroyed during re-entry due to extreme re-entry tempera-
ture conditions to which il is not designed, the circuit component boards
and wiring will have to be protected from thermal damage. The mockup
includes space to thermally insulate the component boards. Tempera-
tures expected on the terminal boards.and wiring could reach short-time
temperatures of 20060 ¥, Use of teflon-irsulated wire and a fiberglass
cover over the component boards will be adequate.

Inertia Switch Access

The inervia switch has been installed beneath the skirt assembly and
flare cover. An access panei is required in both the skirt assembly
{metallic part) and the fiare cover to permit visual inspection of the
switch status after final assembly. The Arapaho C had required only one

access panel.
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FLARE COVER /‘NOIZLE EXTENSION
REGULATER VALVE
-
_\ == j
\— NO2ZLE

.
DESPIN EXPLOSIVE ~
RESERVO!R VALVE
SKIRY

A ~« MOCKUP DESIGN

COVER
NOZZLE
REGULATOR\ /
/ A B
FESERVOIR VYVALVE

8 - NOZZLES RELCCATED AFT

SKIRT NOZZLE
REGULATOR-—\ / —
" ._/

RESERVOIR / VALVE —~

AN

C -.CHANGE SEQUENCE

Figure 64 - Despin Plumbing Changes
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Skirt Assembly

Leaks

Leakage was evident at both lower aft edges of one of the skirt assembly
sections (see Figure 65). As a temporary f{ix, caulking compound was
injected into the skirt at the point of leakage: This leakage is notantici-
pated to be a problem in the manufacturing of flight articles.

—
>N )
’ ~N
( ) \r ( )
/ S~ \.‘ Ew
~ - END VIEW SIDE VIE

(2)

(3)

Figure 65 - Skirt Assembly Leakage Locations

Appearance

The general appearance of the morkup skirt assembly, which has be-
come a functional development model, would be improved with further
development. The coating is streaky, and there are coated untrimmed
thread ends visible. All the incorrect areas can be corrected on future
models by better processing techniques and manufacturing control. The
final design also should take into consideration any action that would im-
prove and simplify construction techniques.

Flare Inflation and Shape Tests

The flare was inflated and tested to determine its inflated shape. The
internal pressure was increased in steps from 0 to 5 psig. At 1, 2,

3-1/2, and 5 psig, photographs were made of the flare assembly and are
shown in Figures 89 through 96.

The design objective was to duplicate the shape ol the wind -tunnel model
tested during the WT -I1A wake survey. Inflation tests indicated that the
mockup flare assermbly did not exactly duplicate the wind tunnel model
(see Figure 66). The reason for the sligh. deviations was the lack of
internal webbing that allowed the fabric to move toward achieving a natu-
ral inflated shape. The amount of internal pressure did not appreciably
affect the degree of deviation from the desired shape. The inflation

tests did indicate that the inflated skirt assembly was quadrisymmetrical.
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SIDE vitEw

NOTES:
!. DASMED LINES REPRESENT APPROXIMATE INFLATED CUPVATURE.

2. SOLID LINE REPRESENT SHAPE OF WIND TUNNEL ELLIPTICAL FLARE MUDEL

Figure 66 - Flare Shape Deviation
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It may be pcssible, by redesigning the skirt assembly, to get closer to
the wind turnel model shape, but it is doubted that the exact shape can

be achieved.
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SECTION VI

SUMMARY OF RECOMMENDED VEHICLE CHANGES

EUREKA REQUIREMENTS IMPLEMENTATION

The modifications to the Arapahc C vehicie for the EUREKA program
are listed cn Table IV, shown on Goodyear Aerospace Drawing 580A(30
(see Appendix V), and demonstrated on the mockup. The modifications
are required for incorporation of the inflatable elliptical flare and range
safety criteria. The modifications due to the inflatable flare inciuded
(1} relocation of compenents in the flare area, (2) incorporation of a
new test item deployment method, (3) incorporaticn of flare inflation
system, (4) installation of a flare cover and its ejection device, and

(5) relocation of despin nozzles.

The modifications due to the range safety criteria for l-amp, 1l-watt,
ro-fire, electroexplcsive devices required replacement of existing Ara-
paho C timer dimple motors, final-stage separation detonators, re-
covery parachute squibs, test item container thruster squibs, nose
probe separationr detonators, flotation latch pin squib, and pyrotecanic
switches. Additional battery power also was required to properly fire
the new eiectroexplosive devices.

VEHICLE CAPABILITY IMPROVEMENT
General

The results of high periormance ADDPEP flights have indicated that the
basic Arapaho C vehicle should be improved with respect to the follow -~
ing items to better ensure recovery froem ailtitudes to 200 mi and velo-
cities to Mach 1i:

1. Radar beacon

2. Recovery system

3. Data acquisition

4. Flotation
The improvements arc recommended to ensure radar beacon tracking
and recovery system operation in the high Mach number (greater than

Mach 4) flight regiine. The data acquisition improvements are recom-

mended to provide better static pressure data in the high altitude flight
regime.

Radar Beacon

The Arapaho C radar system consists of a radar beacor transponder
that transmits through a power divider intc three wave -guide cavity
antennas spaced at 120 deg on the vehicle shell as shown in Figure 67.
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-

U =

POWER
DIVIDER

RADAR BEACON
TRANSPONDER
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Figure 67 - Spacing of Wave -Guide Cavity Antennas

When properly interrogated by ground radar systems, the vehicle's radar
beacon transponder transmits back to the ground radar system. This
intercourse enables the vehicle to be tracked and eliminates the possi-
bility of the ground radar tracking another body such as an expended
booster. The radar tracking information is used to obtain vehicle alti-
tude and range versus time for impact iccation and for test decelerator
evaluation. The transponder's performance therefore, is critical to a
meaningful free-flight test program. As a backup to the radar beacon
transponder svstem, there are provisions for skin tracking of the ve-
hicle. However, as the Mach number and altitudes increased, the
capability to skin track the vehicle decreased

Analysis of an automatic gain conirol (AGC) record of a recent high-
performance flight {Mach 11 at 250,000 ft) of an Arapaho C vzhicle
indicated erratic behavior of the airborne radar beacon. During this
flight, the AGC records exhibited a succession of momentary signal
dropouts followed irmmmediately by a 5-sec signal loss. The signal
was then recovered for approximately 32 sec before being lost com-
pletely.

The shock wave influence in the region of the C-band beacon antennas
has been found to be large for the blunt-nose configuration, Attenua-
tion through this plasma region may have been severe enough ¢n cause
the momentary signal dropout. The 5-sec signal loss could te atiri-
buted to antenna detuning due to sublimation of the Teflon ablation shield
over the antennas. The duration of this sublimation would have been
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approximately 6 sec. The complete loss of signal appears to be due to
some type of mechanical failure causing an RF disturbance.

Recovery

The Arapaho C recovery system has not performed during the last two
ADDPEP f{lights and it is avident that recovery during flights that have

a test point flight regime greater than Mach 4 is unlikely. The de:cent
rate has been too great for recotery parachute deployment though mea-~
sures have been taken to reduce the ballisiic coefficient, W/C A, there-
by reducing the descent rate. Further reduction is apparently required.
Also by stay.ng recovery parachute deployment {via reefing) and by in-
crcasing the strength of the recovery parachute, further improvement
could be realized.

The overall vehicle diameter also could be increased to increase the
drag area, thereby increasing the descent deceleration prior to recovery
system deployment. This increase would be a tradeoff with desired
boost ascent rates, which,for EUREKA,requires the capability to achieve
Mach 6 at 200,000 ft. Also, the desirability to raaintain the present
Arapaho C test capability of Mach 10 and 250, 000 ft for other test pro-
grams should be considered.

Pressure Measurements

The data >btained for static pressure are not accurate for the high alti-
tude flights. The range of the static pressure transducer is 0 to 1 psia
and at th.e higher altitudes such as 125, 000 ft, 150, 000 ft, and 200, 0CO ft,
pressures of 0.0539 psi, 0.0197 psi, and 0.00287 psi are expected.
These values are too close to the lower edge of the pressure range (0 to
1 psi) of the transducer to achieve usable data. It i1s necessary that a
pressure transducer system capable of accurately measuring the low
static pressures be incorporated into the basic vehicle. A pressure
transducer similar to that manufactured by Hasting-Raydist, Inc. might
be worth consideration.

Flotation

The present Arapaho C flotation system performance has been proved
satisfactory when initiated ir its design environment. The system con-
sists of the main 2 ~ft diameier balloon mounted behind the nose probe
and the auxiliary flotation BALLUTE deployed with the recovery para-
chute. Both flotation devices are dependent upon other operations.

1. The main BALLUTE is dependent upon nose probe
separation.

2. The auxiliary BALLUTE (and recovery para-
chute) is dependent upon test item container ejec-
tion, tensiometer beam release, and satisfactory
recovery parachute deployment.

Goodyear Aerospace recommends that consideration be given to
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providing flotation that is independently activated. Possible flotation
methods are described as follews.,

1. Seal the existing reccvery section and make it air
tight.

2. Add air-tight sleeve around recovery section.
Sleeve will be sized to provide buoyancy.

3. Modify existing main flotation balloon so that it
is deployed from the side instead of from the
forward end of the recovery section.
The flotation system again should include a radio beacon, since this is

the only means to locate the recovery section precisely after water im-
pact.
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SECTION VI

CONCLUSIONS

The results of the various tests and an.lyses discussed in this report indi-
cate tha. it is feasible to modify the Arapaho C test vehicle by addition of an
inflatable appendage io provide an unsymmetrical free-flight test capability.

The preliminary design concept utilizes an inflatable Nomex membrane,
which is inflated from a high-pressure nitrogen reservoir. The inflatable
appendage is protected during boost conditions by metal covers that are jet-
tisoned immediately prior to flare inflation. The flare is inflated by activat-
ing an explosive valve that allows the nitrogen gas to escape from the reservoir
to the flare assembly. The design requirements given in Section I were met
as follows.

1. The vehicle weight at test item deployment is estimated to
be 405 1b.

2. The external geometry of the modified vehicle with the
flare covers installed is identical to that cf the Arapaho
C vehicle.

3. The structural analysis in Section IV indicates that the
structural integrity of the basic Arapaho C will be paip-
tained.

4. The inflatabie appendage will be deployed and inflated ap-
proximately 3 sec prior to te:t item deployment. Proper
sizing of the explosive inflation valve should produce an
inflation tirne of less than 0. 3 sec.

5. The test item is deployed directly aft of the vehicle parai’‘el
to the longitudinal axis of the vehicle. The preliminary
design has a test item stowage velume of 0.8! cu ft.

6. The aerodynamic analyses indicate that che vehicle will
be stable from launch through test item inflation and that
the despin systern is sufficient to reduce the vehicle roll
rate to 20 deg/sec from an initial roll rate of 4. 68 rev/-
sec.

7. The modified vehicle utilizes a test item repositioning se-
quence to move the test item aft so that it will not inter -
fere with the recovery parachute deployment. Using this
repositioning technique, the test item can be retained
through vehicle impact.

8. The modified vehicle retains the data acquisition and trans-
mission, recovery, and flotation systems used on the Ara-
paho C vehicle. Several pyrotechnic devices were changed
to comply with range safety requirements.
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In addition to meeting design requirements, several vehicle modifications
were recommended to improve vehicle performance characteristice.

recomnendations are as follows.

1.

2.

Change radar beacon location and {requency to reduce shock-

wave attenuation.

Incorporate a pressure transducer system capable of mea-
suring low static pressures associated with high-altitude

flights.

Improve vehicle flotation system by providing a means for

positive nose-probe separation, providing a means for self-
buoyancy, or modifying the existing flotation balloon to de-
ploy from the side rather thanfromthe front ofthe recovery

system.

Improve the vehicle's recovery system by staging recovery
parachute deployment (via reefing) and by increasing the
strength of the recovery parachate.
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Volume I

APPENDIX I

SEQUENCE CIRCUIT ANALYSIS

This appendix presents the results of calculations conducted to show that the
sequencing circuit on the modified Arapaho C vehicle provides sufficient cur-
rent to fire all pyrotechnic squibs. The results of the calculations indicate
that all electroexplosive devices v7ill receive their recommended fire cur-
rent, or more, at the time of initiation under nonshorting conditions. The
results also show that under shorted conditions, where perhaps one or more
squibs short out after firing, there will be at least the minimum all-fire cur-
rent provided to the remaining squibs. The seguencing circuit wiring dia-
gram is shown in Figure 68. The circuit components shown in Figure 68
have the following characteristics:

N = 25 (battery cells in series)

E = N(1.25 v/cell) .= 25 X 1,25 = 31.25 v

]

R.

; = N{0.03 ohm/cell) = 25 X 0.03 = 0.7%

obms

RI, R2, . . .

if

current limiting resistors. Resistors
with 1 ohm or more have 5 percent
tolerances and resistors with less
than 1 ohm have 10 percent tolerance.

FR1l, FR2, . . . = fuse resistors and have a +5 percent
tolerance

The estimated resistance, R, , from the source battery connections to the
parallel circuit legs as shown in Figure 69 {points A and B) was arrived at
as follows:

Resistance of wire (AWG No. 20)= 0,01 ohm/ft X 20 ft = 0.20
ohm

Resistance of contacts = 0,02 ohm/contact X 3 con-
tacts = 0.06 ohm

0.01 ohm/terminal X 24
terminals = 0.24 ohm

Resistance of terminals

Total line resistance, R 0.50 ohm

L

The estimated resistance R; ;, Ry, . . . in each parallel leg of the circuit
was arrived at as follows:

0.0! ohm/ft X 14 ft = 0. 14
ohm

Resistance of wire (AWG No. 20)

Resistance of contacts = 0,02 ohm/contact X 1 con-
tact = 0.02 ohm -
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Resistance of terminals 0.01 ohm/terminal X 14 terminals = g

0.14 ohms

K = R T e e e

L1 L2 0.30 ohm (line resistance in !

parallel circuit legs)

i

The electrical characteristics of the pyrotechnic devices along with the re-
sults of the circuit calculations are shown in Table XX.
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Figure 69 - Line Resistance Diagram

{Reverse is blank)
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TABL®T XX ~- PYROTECHNIC DEVICE C

P

Circuit

Device Part number Application Vendor desiguato
Dimple motor DM43BO Timer actuation Hercules PT1 through ]
Despin valve 1804-013-1 Explosive valve Conax PT21 through
Flare thrusters IGN116 Thruster Atlas PT7 through !
Separation nut PC-10 Separation nut fi-Shear PTI11 through
Recovery parachute IGN116 Ejection charge Atlas PT17 through
Nose probe separation ; IDT123 Separation system | Atlas PT55, PT5%
Frangible skin SCD569A259 | Separation system | Atlas PT43, PT44
Latch pin GDC Pin puller Conax PT35, PR38
Flotation valve 1862-069-01 Explosive valve Conax PT45, PT46
Flare inflation valve 1802-039 Explosive valve Conax PT13, PTi4
Test item thrusters ICNL116 Thrusters Atlas PT30, PT32
Pyrotechnic switches MS-WRFTI System control Atlas S1PT, S2PT,
Final stage ignition
(Nike rocket motor) IGM13 Igniter Atlas PT5A, PT5B,
Final stage ignition -
{Lance rocket motor; A08021 Igniter McCormick Selgh | PT5A, PTS3,
Final stage separation | 1DT123 Separation system | Atlas PT19,- PT20
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‘ JIC DEVICE CIRCUIT CHARACTERISTICS

Firing current

Required Calculated
Bridgewire Miniranum | Recommended

Circuit reference resistance all fire fire Shorted Nonshorted
designatcr indicator {ohms) (amps) (amps) {amps) {amps)
KB PT1 through PT4 0.9-1.2 3.5 20 3.90 5.40
BRPT2] through PT28 1.0 - 1.2 3.0 5.0 3.89 5. 46
K PT7 through PT10 0.9 - 1.0 3.6 4.5 4.35 5.70
BB FPT11 through PT12 1.0 - 1.2 3.5 5.0 3.86 5.38
L gPT17 through FTi8 0.9-1.0 3.6 4.5 5.25 6.56
jPT55, Pr5é 0.85-1.15 3.5 5.0 5.00 6.27
[PT42. PT44 0.85 - 1.15 3.5 5.0 4.70 6.30
B PT35 PR38 0.9~ 1.2 3.0 5.0 3.87 5. 40
i PT45, PT46 1.0 -1.2 3.0 5.0 3.04 5.40
R PT13, PTl4 1.0 - 1.2 3.0 5.0 8.20
T30, PT32 0.85 - 1.15 3.6 4.5 4.35 5.70
s P, S2PT, etc. 1.0 - 1.2 3.5 5.0 3. 80 5.16
PTS5A, PT5B, PTEA, PT6B | 1.0 - 1.2 3.5 5.0 4.70 5.00
PTSA, PT5B, PT6A, PTé6B 85 - 1.15 2.8 4. 3.85 4.80
ERPT19,- PT20 85 -1.15 3.5 5. 4.70 6.30

(Reverse 1s blank)
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APPENDIX II

o

APPENDAGE STRE53S CALCULATION DATA

Tables XXI through XV shown in this appendix were
used in calculation of membzrane stresses in tae
fabric portions of the inflatable appendage.
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TABLE XXIII - CALCULATION RESULTS OF ¢
‘-"'—"-—’ﬂ"—-——'—!"————_'ﬂ———';** — T -
12
—y tan 6 =
é ] b a 90 deg - 6 + @ =V
(deg) deg Tan 6 tan (deg) (deg)
0 0 0 0 0 90. 0
10 17.7 0.319 0.0971 5.5 77.8
20 33.4 0.660C 0.201 11.4 68.0
3¢ 46.3 1.045 0.318 17.6 61.3
40 56.7 1.520 0.463 24.8 58. 1
45 61.6 1.812 0.551 28.9 57.3
50 65.2 2.16 0.657 33.3 58.1
60 72.3 3.14 0.956 3.7 61.4
70 78.6 4.98 1.515 56.6 68.0
80 84.4 10.27 3.12 72.2 77.8
90 90.0 @ w 90.0 9C.0
"0 (8:50° o 304
(b) (15. 40)

TABLE XXIV - HOOP STRESS CALCULATIONS

l Tan 6 =
* + (h

S 'y | hx x 8 B

b h { by Y {deg} h
0 0.500 l 0 0 0 0.500
0.059 0.497 0.1006 0.182 10.4 0. 4985
0. 100 0.490 0.204 0.370 20.4 0.492
0.150 0.477 0.314 0.569 29.6 0.484
0.198 | 0.459 0.432 9.1782 38.1 2 472
0.246 0.435 0.565 1.024 45.7 | 0. 456
0.294 0.404 | 0.728 1.320 : 52.9 | 0.436
0.341 0.366 0.93? 1.689 | 574 ! 0 412
0.385 0.319 1.206 2.185 65.4 |  0.383
0.426 C.262 1.626 2.950 7.3 0.352
0.462 0.1912 2.415 4.370 77.1 0.319
9.489 0.1043 4.680 8. 480 83.3 0.289
0.499 0.0316 15. 790 28. 600 88.0 0.27¢
0,500 0 © ® 90.0 0.275
*n/t = 0.5,
*h/b = 9,551,
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TABLE XXV - HOOP STEESS CALCULATION SUMMARY

¥ S
4 0 -ﬁl
(deg) (deg) "h
0 0 0.500
10 17.7 0.495
20 33,4 0. 480
30 46.3 0. 458
40 56.7 0. 422
45 61.6 0. 402
50 65.2 0.385
6C 72.3 0.346 1
70 78.6 0.312
80 84.4 0.286
90 l 90.0 0.275

(Reverse is blark)
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Item number

il.

12.

13.
14.
15.

16.

17.

i8.

19.
20.

APPENDIX 11

CHECKOFF LIST

Description

Cameras installed
Camera battery pack installed
Tensiometer housing installed

Recovery parachute corntainer
installed

Recovery parachute riser line
attached

Barometric switches installed

Barometric switch plumbing
installed

Inertia switch installed

Inertia switch indication provided
Terminal board TB-3 installed
Lanyard switch installed

Lanyard switch puilaway satis -
factory

Safe and arm receptacle installed
Safe and arm plug installable
Umbilical receptacle installed

Internal diameter of shell per
drawing

Beacon antenna assembly installed

Beam tether cable assembly
installed

Beam installed

Separation nut installed

149

Yes

Yes

Yes

Yes

Yes

Yes !>

Yes lQB

Yes [b

No 1> I

Yes {>

Yes

(Not attempted)

Yes
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Item number

21.
2c.
23.
24.
25.
26.
27.
28.
29.
30.
31.
32.
33.
34.
35.
36.
317.
38.
39.

40.

41.

42.

Descrigtion

Separation nut guard installed
Beam positioning block installed
Despin explosive valves (Z2) installed
Despin nczzles installed
Forward ring installed
Spherical washer set installed
Despin plumbing installed

Aft can instalied

Test item installed

Test item container installed
End cap installed

Aft pyro boards installed

Skirt assembly installed

Flare cover installed

Aft ring installed

Wiring installed

End cap limit switch installed
Flare limit switch installed

Recovery parachute limit switch
installed

Parachute deployment cover
installed

Despin nozzle extensions installed
Is accessibility available to

(1) Despin explosive valve cartri-
dgus

Electrical plug connection

150

Yes

Comments

Yes

Yes

Yes

Yes

Yes

Yes

14

Yes

Yes

Yes

Yes

Yes

Yes

Yes

4

Yes

Yes

%

Yesg

Yes

Yes

Yes

No

Yes

Yes

VAV
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Item number

43.
44.

45.

Description

(2) Separation nut cartridge
Electrical plug connection

(3) Aft pyro board

(4) Test item riser line connection

(5) Test item thrusters (2)
Electrical plug connection

{6) Flare cover thrusters (2)
Electrical plug connection

General fit

Conflicts between events

Skirt assembly

(1) General arrangement

(2) Packageable

(3) Inflation capability

(4) Plumbing installed

(5) Inflation valve assessibility

151

Somments
Yes
Yes
Yes []>
Yes
Yes
Yes
Yes @
Yes I?)
Acceptable
None

Satisfactory (some

deviation from design

shape)

Satisfactory (a light

breakaway deploy~

ment liner is recoms=

mended)

Inflation was accom -~

plished from an ex-

ternal sovrce)

>

-

Yes

Yes
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Iterm number Description Comments
(6) Reservoir filling capability Yes
Pressure monitoring Yes b

Barometric switches and inertia switch interchanged with terminal
board TB-3 because routing of large wire bundle was not possible.

Despin plumbing was installed differently than on the mockup drawing.
The method used resulted in simpler plumbing installation.

Required application of vacuum to flare in order to permit closure of
covers.

Wiring to the flare cover thrusters was omitted. Two connectors,
one for each flare, are required on the metallic part of the skirt
assembly,

A flare cover limit switch was not installed. The final desi will
incorporate an event marker limit switch.

Nozzle extensions fromn the skirt assembly to the flare cover were not
installed. Development of the nozzle extension will b2 incorporated
in the final design.

Accessibility is excellent to these components when the flare cover
and skirt assembly are removed.

An access panel in each flare cover is recommended for installation
of the electrical plug connection after the flare covers are mounted
on the vehicle. This will permit proper control of the wiring log
from the skirt assembly to thruster cartridge.

VY YV VVYV VYV

An access panel is required on the metallic part of the skirt assembly
for access to the inertia switch. The access panel also can includ:
the parts for the barometric switches.

An access panel is also required on the flare cover for access to the
skirt assembly panel described in Note

The skirt assembly was not filled with the onboard inflation system.
The inflation systei:. to be employed in the final design is a standard
proved method.

A means to monitor the skirt assembly inflation reservoir should be
incorporated into the final design. Use of 0- to 4000-psig preesure
trandsucer is suggested. The output of the pressure transducer

v vV VYV
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could be connected into the telemetry commutated channel. The
signal could be used for toth ground checkout and during flight are
an event indication,

(Reverse :s blark)
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APPLENDIX IV
VIEWS OF MOCL: P CONFIGURATION

The photographs that were taken to document the
various views of the mockup configuration are

presented in this appendix.
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Figure 70 - Component Installation (Starboard View)
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Figure 71 - Component Installation {Port View)
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Figure 72 - Component Installation (Top View)
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Figure 73 - Component Installation (Bottom View)
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Figure 74 - Flare Module Inner Construction
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Figure 75 - Flare Cover (Aerodynamic Fairing)
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Figure 76 - Mockup Assembly (Front View)
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Figure 77 - Mockup Assembly (Rear View)
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Figure 78 - Mockup Assembly (Side Vier)
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Flare Cover Jettison

Figure 79 -
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Figure 80 - Uninfla'ed Flare
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Figure 81 - Inflated Flarz (1 PSI)
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Figure 82 - Test Item Deployment
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Figure 83 - Test Item Unpackaged
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Figure 84 - Test Item Line Stretch
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Figure 89 - Flare with 1-psi Inflation Pressure (Top View)
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Figure 90 - Flare with 2-psi Inflation Pressure (Top View)
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Figure 91 - Flare with §
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Figure 92 - Flare with 2
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Figure 93 - Flare with 3 1/2-psi Inflation Pre
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Figure 94 - Flare with 5-psi Inflation Pressure (Side View)
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APPENDIX V
ENGINEERING DRAWINGS

Engineering Drawings 580A030 (Sheets 1 aird 2) and
580A031 (Shee’s 1 through 3) are included in this ap-
pendix to give a detailed description of the engineering
mockup asecembled 2uring the EUREKA program. These
drawings also would serve, except for minor deviations,
as design drawings for any flight test hardware.

(Reverse is blank)
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